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Foreword
The need for improved understanding and utilisation of indigenous livestock breeds is
well recognised not only by the Government of Kenya, but also by other countries in
eastern Africa. This recognition is reflected, for example, in the Strategy and Work
Programme of the ASARECA (Association for Strengthening Agricultural Research in
Eastern and Central Africa) Animal Agriculture Research Network.
The Kenya Agricultural Research Institute (KARI) has for many years worked with
the International Livestock Research Institute (ILRI) on different aspects of livestock
research, including analyses of long-term breeding programmes. Discussions between
ILRI and KARI scientists on specific collaboration on on-farm and molecular character
isation of indigenous Kenya zebu cattle started as far back as 1992, and led to the devel
opment of the first set of field survey protocols. With funding from ILRI, these were
tested by KARI and University of Nairobi scientists. However, the funding was not
adequate to proceed with comprehensive surveys. Discussions continued nonetheless,
and in 1998 KARI obtained, through the EU-funded Agriculture/Livestock Research
Support Programme Phase II (ARSP II) project, the necessary funding to continue the
work. KARI requested ILRI to collaborate, in a backstopping role, in the conduct of
breed surveys and molecular genetic characterisation of the zebu cattle breeds in the arid
and semi-arid districts of Kenya.
These activities were undertaken between 1998 and 2000 and involved the
participation of the University of Nairobi (Department of Animal Production) and the
extension service of the Ministry of Agriculture at district level. The objective of the
research was to characterise the zebu populations to facilitate improVed understanding of
the relationship amongst them, their uses at farm level and preferences of farmers for
different breeds and traits. The researchers envisaged that the results would form a basis
to develop strategies for sustainable use.
This report summarises the results of this collaboration. It demonstrates what is
possible, with modest resources, from a collaboration between NARS (national
agricultural research systems) and a CGIAR centre. I believe the results and recommen
dations will form an important input into the planning and implementation of cattle
improvement programmes in Kenya, not only for the arid and semi-arid districts, but
also for those areas of the country where indigenous breeds can make a contribution. I
am convinced this is premier research work, which will contribute to greater knowledge
in science as well as to genetic conservation of our indigenous animal germplasm. I am
proud to have been associated with this work and would like to thank all those who were
involved—ILRI, University of Nairobi, Ministry of Agriculture and my KARI colleagues.
It has been a worthwhile and rewarding experience and I look forward to continued
collaboration with ILRI.
Romano M. Kiome (PhD, SS)
Director, KARI
National Programme Coordinator (EU/KARI Programme)
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1 Introduction
The indigenous cattle population of Kenya is of the thoracic humped type, commonly
referred to as the Small and Large East African Shorthorn Zebu (Bos indicus). This popu
lation is important for the subsistence and economic development of the country in that
it provides essential food products, draft power and manure, and sustains employment
and income for the majority of Kenyans living in rural areas. The indigenous breeds con
stitute 77% of the total cattle population (the rest being exotic breeds and their crosses)
and are represented in virtually all agro-ecological zones (MoA 1993). The highest con
centration of these breeds is in the arid and semi-arid lands, which constitute approx
imately 80% of the Kenyan landmass. These breeds are able to survive and reproduce
under the harsh climatic, nutritional and management conditions that characterise the
arid and semi-arid lands, and hence their popularity among resource poor farmers.
Like the majority of indigenous African animal genetic resources, the Kenyan zebu
breeds are currently at risk of extinction. Several factors underlie this trend, some of
which are driven by the lack of economic competitiveness of the Kenyan zebu breeds,
e.g. indiscriminate cross-breeding, replacement with exotic breeds, uncontrolled intro-
gression and interbreeding, and the absence of breed development programmes. Other
factors include an increase in size of the human population that has led to a reduction in
the amount of land available for livestock grazing, neglect of traditional livestock pro
duction systems, famine and civil conflict, and cattle rustling and livestock disease epi
demics. It has been argued that the introduction of some reproductive technologies, par
ticularly artificial insemination, makes indigenous breeds vulnerable to genetic erosion
of the special reservoir of adaptive genes for tolerance/resistance to extreme environ
ments, parasites and diseases. Rege (1999) gave examples of indigenous African cattle
that are endangered due to the impact of upgrading with exotic breeds and deliberate
neglect. Considering their importance and endangered status, immediate steps must be
taken to conserve these indigenous breeds for use by both present and future gener
ations (FAO/UNEP 1995).
Despite the increasing genetic erosion of the indigenous Kenyan cattle populations
and the urgent need for their conservation, information about their genetic uniqueness
is completely lacking. These cattle have not been well defined, classified or studied ad
equately in the past. There is not even information on the number and population sizes
of breeds/strains. Often populations bear the names of communities that own them
and/or locations in which they are found, and the distinction between various popu
lations is not clear. Additionally, information on phenotypic (including performance
figures and adaptive attributes) and genetic/molecular characteristics, is either comp
letely lacking or incomplete for the majority of indigenous breeds. This information is
required before appropriate strategies for long-term maintenance and use of these breeds
is formulated.
This report is based on two preliminary research reports that characterised the in
digenous Kenyan zebu breeds at the phenotypic and molecular levels. Phenotypic charac
terisation involves comparison of breeds with respect to the mean and the phenotypic
variance of their performance and characteristics; in contrast, the molecular description
is based on analysis of deoxyribonucleic acid (DNA) and is considered more reliable,
since it is based on precise genotypic information. The results of these research reports
are presented in Chapters 3 and 4.
Chapter 1 of this monograph includes background information on African cattle,
but focuses on East African Zebu cattle with particular emphasis on Kenyan zebu cattle
breeds/strains. Based on this information, Chapter 5 discusses the issue of possible
breeding strategies for the relevant production systems, taking into account priority
traits, farmers' needs and constraints, available infrastructure and considerations of sus
tainable utilisation of indigenous genetic resources.
2 Background on African cattle
2.1 Origin and current classification of African cattle
Despite the availability of information obtained by integrating archaeological, anthro
pological, historical, linguistic and genetic evidence, the origin of African cattle remains
uncertain (Blench 1993). When the origin of African cattle is talked about, it becomes
clear that the origin depends on the group to which the breed belongs. The original
African cattle can be divided into two major categories, namely humpless (Bos taunts)
and humped (Bos indicus). The former category is subdivided further into longhorn (B.
taurus longifrons) and shorthorn (B. taurus brachyceros), while the latter category is sub
divided into zebu proper and zebu crossbred types. Position of the hump on the animal's
back is also used to classify the zebu proper and zebu crossbred types into cervico-
thoracic-humped (Sanga) and thoracic-humped stocks (Epstein 1971). The Sanga is
nowadays considered a separate group of cattle. As per the current classification of
African cattle, four different groups can be distinguished namely B. taurus, B. indicus,
Sanga and Sanga x zebu types. Rege (1999) termed the latter group 'zenga'. Additionally,
there are more recent derivatives of African cattle; these have either resulted due to the
close proximity of two or more indigenous populations, or from efforts to create com
posite commercial breeds. Rege (1999), and Rege and Tawah (1999) gave clear examples
of each of these groups in Africa.
In the past, it was widely accepted that cattle were domesticated elsewhere and sub
sequently introduced into Africa. The cradle of the world's domesticated cattle was
thought to be in western Asia, where there is evidence that domestication took place
between 8000 and 9000 years ago. It was believed that humpless longhorns were first
introduced into Egypt from western Asia in approximately 5000 BC and humpless
shorthorn in about 2500 BC (Epstein and Mason 1984). Epstein and Mason (1984)
suggested that the various types of cattle were introduced at different times and by
different routes. However, discovery of the remains of domesticated shorthorn cattle
dating to approximately 5100 BC at Capeletti in Algeria (Roubet 1978) and at Uan
Muhuggiag and Adra Bous in central Sahara (Smith 1980) cast doubt on the theory that
cattle were domesticated before being introduced into Africa. It is now clear that short
horn cattle were present in North Africa for several hundreds of years before the period
given by Epstein and Mason (1984). Historically, humpless shorthorn cattle were found
in almost all types of ecological zone with populations being recorded in Sudan, central
Tanzania and the Mount Elgon area of Kenya. Rock paintings, provide evidence that
humpless shorthorn cattle were found 2000 years ago in the Mount Elgon area of Kenya
(Payne 1970). Recently, genetic data have been found to support the hypothesis of an
African centre of domestication (Bradley et al. 1996).
Semitic tribes introduced humped cattle into Africa from Arabia and Asia, in two
different time periods. First, in around 1500 BC, long-horned zebu cattle were intro
duced; these supposedly met humpless longhorn cattle in Ethiopia and Somalia, and
crossed to produce the cervico-thoracic humped cattle, also known as Sangas. The Sanga
later spread into central and southern Africa. Secondly, in around 670 AD, short-horned
zebu cattle were introduced via Ethiopia and Somalia (Epstein 1971). This second intro
duction, either led to a major replacement of Sanga cattle from eastern Africa, or to
cross-breeding of this zebu population with the already existing Sanga to result in a
Sanga x zebu type (zenga). Excavations in Kenya have shown that the Small and Large
East African Zebu cattle were multitudinous in parts of the Rift Valley by AD 1400 to
AD 1500 (Posnansky 1962, cited in Payne 1970). The zebu cattle spread further
westwards and southwards to become the dominant cattle within the area demarcated by
latitude 20°N in the north (northern Sudan), the western rain forest barrier in the west
and the river Zambezi, latitude 15°S in the south (Epstein 1971).
2.2 Zebu cattle breeds of eastern Africa
The zebu is represented by some 75 breeds in Africa, making it the largest single cattle
type (Rege 1999). Approximately 61 of these zebu breeds are found in eastern Africa and
neighbouring countries in southern-central Africa, while the rest are found in West
Africa. Faulkner and Epstein (1957) coined the term 'East African Zebu', to em- brace
the substantial variation in the morphology of the shorthorn zebu of eastern and
southern Africa. In this discussion, for reasons of simplicity, East African Zebu cattle
breeds have been divided into two groups, those found only in Kenya (Kenyan zebu
cattle) and those found in the other East African countries (East African Zebu cattle).
2.2.1 East African Zebu cattle
The term 'East African Zebu' is used to describe all the 'Shorthorn Zebu' of eastern and
southern Africa (Rege and Tawah 1999). Based on their body sizes, the East African
Zebu cattle can be divided into two subgroups, the 'Small' and the 'Large'. The term
'Small East African Zebu' was suggested to portray the small frame of these animals and
to avoid confusion with other types of East African cattle (Mason and Maule 1960). The
Small East African Zebu are the majority, being represented by 49 breeds. The Large East
African Zebu is represented by 13 breeds, which are restricted to the relatively drier parts
of Sudan, Eritrea, Ethiopia, Somalia, Kenya, Tanzania and Uganda. The iso- lations
imposed by tribal boundaries, whether physical and/or cultural, and those due to
ecological restrictions are partially responsible for the genetic differentiation leading to
the existence of different breeds and strains (Rege and Tawah 1999). However, variations
in nomenclature associated with different tribes and ecologies do not, in themselves, im
ply genetic differences. For this reason, breeds or strains that have a common ancestry
can be classified further, according to whether or not they occupy the same geographical
area (e.g. a country) and/or a defined ecological zone within one or more countries.
Rege and Tawah (1999) referred to these two classifications as clusters and groups, re
spectively.
Tables 1 and 2 summarise the classification, distribution and characteristics of some
of the Large and Small East African Zebu. Variation in the number of indigenous zebu
cattle breeds or strains found in each of the East African countries is clearly illustrated.
Table 1. Classification, distribution and characteristics of some of the Large East African Zebus.
Group Breed/strain1
Country and areas
within country Morphological characteristics
Boran Ethiopian Boran Ethiopia: Borana
(Borana) plateau from the
Liban plateau to
the extreme south
Somali Boran
(Avai)1
Karamajong Jie and
Zebu Karamajong
Somalia: western
and Jubaland of
the southern part
Uganda:
north-eastern part
Toposa
Medium size; deep-chested and long-legged; coat
colour is white, light grey, or fawn with black or dark
brown shading on the neck, head, shoulders and
hindquarter; horns are thick at the base, short and
erect; humps is well developed and hangs over to one
side in males; udder is well developed in females
Larger than the Ethiopian Boran; short-legged; coat
colour is white with black points; skin is pigmented;
horns are smaller than those of the Ethiopian Boran
Large breed; major coat colours are red, roan, grey
and white; horns vary in lengdi and shape; hump is
large and dome-shaped; dewlap, umbilical fold and
sheath are larger in Karamajong type than in the
Toposa; udder is moderately well developed
Sudanese
Zebu
Sudan: south
eastern part
Kenana (Rufaai Sudan: east of the
El Hoi, Rufaai El confluence of the
Sherik, Fung, Blue and White
Gezira and White Niles, south-east
Nile) to the Ethiopian
border, and the
western banks
of the Blue Nile
to southern
Khartoum
Kenana (Rufaai Sudan: east of the Medium to large cattle; coat colour is usually dark
Medium to large catde; coat colour is typically
blue-grey to white with black shadings on the head,
neck hump, hindquarters and legs; horns are black;
hump is prominent in males and in most cases
cervico-thoracic in position; large dewlap and sheath;
udder is well developed
El Hoi, Rufaai El confluence of the
Sherik, Fung, Blue and White
Gezira and White Niles, south-east
Nile) to the Ethiopian
border, and the
western banks
of the Blue Nile
to southern
Khartoum
Baggara (Western Sudan: west, central
Baggara) and southern
Darfur, central and
southern Kordofan,
Nuba Mountains
and Sulien Baggara
Murle Sudan: Pibor Post
district of the Upper
Nile province
red, but may also be lighter red with white patches;
hump is mostly in a thoracic position, but may be
cervico-thoracic; dewlap is of moderate size; udder is
well developed
Medium size; varied coat colour, horn shape and
conformation; cattle in Darfur have the largest
horns; hump is large in males; dewlap is well
developed
Fairly long bodies with moderate depth; variability in
coat colour (red, black, white, grey, dun and patterns
of red and black); horns are of medium length and
have a tendency to grow inwards and forwards at the
tips; dewlap is of moderate size, the umbilical fold is
poorly developed and the prepuce is seldom
pendulous
1. The names in parentheses are synonyms of the respective breeds/strains.
Sources: Epstein (1971); Payne and Hodges (1997); Rege and Tawah (1999).
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withahitefacorpossessingbl z ;h rnrs t andthinbutpollednimalshavlsoeerepor ;mpvery
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North-WestProvince,b deringJijigaosp t dnqu tecommo ;h r salyre-s ape ;pm ll
theEt iopiansideofbor r
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ooTable2.(cont)
Group
Breed/strain1
Countryandareaswithincount
Morphologicalcha acteristics
Theesogr up
Eastern
Baherie(Arab,ari
BerberaandAden)
Kyoga Usuk Serere
TanganyikaShorthornr upIri gaRed
MaasaiGrey UgogoGrey
MkalamaDun SingidaWhite
Pare
Tarime(Shashi)
Chagga
Somalia:theBuraor aone st rn
sideofthnorth-eastp ovince
Eritrea:coastofMass waRegioninth
westernpa t
Uganda:L goanKaberamaidoreas
Uganda:north-eastanNorthTesor s
adjacenttotheKar moja
Uganda:SouthTesoaro ndthesh r s
ofLakeKyoga
Tanzania:Si g daRegionofthecentral
part
Tanzania:Mosh ,Up sea dUs mbar
areasofthnorthernp t
Tanzania:Dodomareithcent al
part
Tanzania:Si g daRegionofthecentral
part
Tanzania:Si g daRegionofthecentral
part
Tanzania:Si g daRegionofthecentral
part
Tanzania:Musomareoftha
Region
Tanzania:Mosh ,Up sea ds mbar
areasofthnorthernpa t
Smallerthanwest rntype
Smallsize;coatcol urisvar able;fh rnsbutp d
animalslsooccur;humpismal
LargerthaneNkedi;h sde pch stansho terl gfor headi
broadandearsarependulous
LargerthaneNkedi
LargerthaneNkedi;hornsaresho tanicktb su
animalsw thlongndthinhor sarelsof und;mpismaller
thantofeNkedianinconspicuouscows
Sizevari sforex mpletheChaggaissm llzedandhbeen characterisedsdw rfed,light-bonedandwee y;coatol ur
varies—thIringaRedisred-coloured;ho naresm lbutanl andupturned;h mpiswelldeve opewlapumbilicalfoa e
moderateinsize
(cont...)
Table2.(cont)
Group
Breed/strain1
Countryandareaswithincountr
Morphologicalcha acteristics
Zanzibargroup Angonigroup
Madagascargroup
Zanzibarebu
Angoni(A ne)
MalawiZebu
Angonia(Angone) MadagascarZebu
Baria
Zanzibara dPem aIslands
Zambia:betweenMporokosoand
Petankeothewest,andborders
withMozambiqueandTanzan atothe
east
Malawi:centrala dsouthernp rts Mozambique:northftheZambezi River,nthplateauofTeinTete
District,andnasm lleaofAngonia
totheextr menorth-eastfMalawi
Madagascar
Madagascar:westernre ion(Plat aud
Bemaraha)
Variedinsizeandcoatcol ur;smallthanmai latypesof SmallEastAfricanZebus;humpiw lldeve opedandfalovern
onesid
Mediumsized;coatcol rsvariablek nth ,l o end
pigmented;hor sareshoandstoutbutcat lp ss s inglyre-shaped
hornsarealsof u d;mpith racicp sit onndwell
developed;ewlapisal ow l d
Relativelysm llinsize;coatcol ursvari bl —thepredom nantwh coloursbeinglackandr d;h rnsresho twidttheasu
lyre-shapedhornsandp llednimalsarelsof u d;mimor
cervico-thoracicnposition;udderiswellshapedbuthtea srm l
Smallsizes:coatcol urisvariable;h rnaresho tandsto
polledanimalsarlsof und;h mpitheh racicp sitionnd
welldeve oped
Variedinsizeandcoatcol ur;sk nspigme ted;h sarof
mediuml ngtha dcurveupwa ds,out snfor ;humpis thoracicinp sit on,welldeve opedandconicals ape;udder
teatsaresm llandoweldeve opedinf a es
1.Namesinparenthesesarsy onymofthre pectivebreeds/s rains.
Sources:Epstein(1971);PayneandH dges97ReTawah9).
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However, a small number of breeds or strains in a particular country does not necessarily
mean that there is a deficiency of indigenous breeds or strains in that country. Similarly,
a large number does not indicate a surplus of indigenous cattle breeds or strains. The
numbers may partially reflect inter-country differences in the availability of information
(both phenotypic and genetic) on diversity in indigenous livestock populations. In sub-
Saharan Africa (SSA), as the number of indigenous cattle breeds is unknown, a working
estimate of 100-150 breeds is normally used (Rege 1998).
For some of these breeds/strains, there are data on their general performance (Table
3). For most characteristics a range of values is given, indicating that the variation in these
characteristics within each group, breed or strain is large. This may indicate immense
potential for genetic improvement through selection. Few breeds/strains (e.g. Ethiopian
Boran, Butana, Nkedi and Kenana) have been characterised systematically. Breeding of
these breeds/strains is still mainly done by their traditional owners and therefore, there are
no well-organised breed improvement programmes.
Table 3. Performance characteristics of some representative East African Zebubreeds/strains.
Group and Birth Age at
first calv
ing (mo.)
Lactation Milk
fat
(%)
Calving Mature body weight Wither height at
breed/ weight (kg) milk yield
range (kg)
interval (kg)
Male Female
maturity (cm)
Male Femalestrain Male Female (mo.)
Ethiopian
Boran
25 23 36-52 400-850 4.1-6.8 11-14 300-385 300-350 118-147 115-127
Karama- - - - - - - 320-490 300-410 -
jong
Abyssinian
Short-
horned
Zebu
- - - 450-700 6.5 - 250-350 200-280 113-117 107-113
Kenana 24 22 24-54 500-2000 4.7-5.5 12-24 400-610 300-435 132-148 123-139
Nkedi 19 18 25-61 300-1100 4.7-7.1 11-14 240-450 270-325 102-121 99-107
Tanganyika
Shorthorn
- - 36-42 300-800 4.9 11-13 200-350 180-250 109-119 104-114
Sources: Payne and Hodges (1997); Rege (1999).
2.2.2 Kenyan zebu cattle
In Kenya, all indigenous cattle are of the shorthorn, thoracic humped zebu type and are
found throughout the country. Their wide distribution over diverse ecological zones im
plies that over the years, they have developed adaptive characteristics because of natural
selection under different environmental conditions. The Sahiwal breed has been ac
cepted as an indigenous breed, but is excluded in the following discussion. The Sahiwal
was imported into Kenya in two phases: in 1939, 3 bulls were bought from the Pusa
herds of India; and in 1962, 60 bulls and 12 cows were imported from Pakistan to form
the national Sahiwal stud (Kimenye 1978; Maule 1990). Apart from the Boran, of which
three breeds/strains can be distinguished (the improved Kenyan Boran, the unimproved
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Boran (Borana) and the Orma Boran), the remainder of the indigenous cattle are
classified as Small East African zebus.
The various breeds/strains are often named after the tribes that breed them:
• Orma Boran, south and west of the Tana River, traces of the Ethiopian/Somalia
Boran in north-east Kenya, and improved Kenyan Boran in commercial ranches in
central Kenya
• Kikuyu or Highland Zebu, in central Kenya
• Lowland or Coastal Zebu, in south-west and south-east Kenya, incorporating the
Taita/Taveta, Giriama, Duruma and Kamba Zebus
• Maasai Zebu, in southern Kenya extending to north-east Tanzania, an area domi
nated by the Maasai
• Winam or Kavirondo Zebu, in western Kenya in the lowlands of the Lake Victoria
Basin, an area inhabited by the Luo and Luhya ethnic groups
• Nandi Zebu, in western Kenya, a few kilometres north east of Lake Victoria, an area
inhabited by the Nandi
• Teso Zebu, in western Kenya among the Teso ethnic group
• Turkana Zebu, in north-western Kenya
• Kamasia/Samburu Zebu, in northern Kenya among the Samburu ethnic group
• Watende Zebu, south of Lake Victoria, inhabited by the Watende/Kuria ethnic groups.
Boran
This is the largest of the zebu breeds/strains found in Kenya. There are three strains; be
tween areas, these differ in size and type. Oromo pastoralists migrating from southern
Ethiopia introduced the Orma Boran into Kenya; it is probably the smallest represen
tative of this group. Its coat colour is white or fawn, and the skin is not pig- mented. The
unimproved Boran (Borana) is smaller and lighter than the improved Kenyan Boran.
Mature body weight ranges from 255 to 395 kg in males and from 250 to 355 kg in fe
males. The improved Kenyan Boran originated from Borana, Somali Boran and Orma
Boran that were bought by European ranchers from central Kenya in the early 20th cen
tury. The ranchers bred and selected these animals mainly for beef production (Mason
and Maule 1960). Mature body weight ranges from 550 to 850 kg in males and from
400 to 550 kg in females. Some Kenyan Borans are also found in Tanzania and Zambia,
and have been exported to Australia and the USA The improved Kenyan Boran has
similar morphological attributes to the other Boran types, but is typically characterised by a
straight top line and well-developed hindquarters. Usually the coat colour is white with
black spots, but coat colours ranging from brown to red are also found.
Kikuyu or Highland Zebu
This zebu breed is associated with the Kikuyu ethnic group that predominates in the
central part of Kenya, an area characterised by high altitudes. The climatic conditions in
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this area are suitable for the purebred exotic European breeds and their crosses. As a
result, since the 1930s, the Kikuyu Zebu has suffered the impact of upgrading with
European cattle (Rege and Tawah 1999). The breed is neglected, and is listed among
those that are endangered and at risk of extinction.
Lowland or Coastal Zebu
In this group, four different strains can be distinguished, depending on which ethnic
group owns them. The Kamba inhabit lowlands of the Eastern Province, while the
Taita/Taveta, Giriama and Duruma, inhabit the Coast Province. Geographically, the
Duruma Zebu, Giriama Zebu and Taita/Taveta Zebu live in very close proximity because
they inhabit the neighbouring districts of Kwale, Kilifi and Taita Taveta. Similarly, the
Kamba Zebu live in close proximity to the Taita/Taveta Zebu because the Kamba ethnic
group inhabits districts that neighbour the Taita Taveta District. Therefore, inter
breeding may have occurred between these cattle populations and hence their classifi
cation as Lowland or Coastal Zebu.
Coat colour in Lowland or Coastal Zebu varies and may be black, red, fawn or grey.
There are also wide variations in horn shape and hump size. Some of the cattle are pol
led. The hump may sometimes be in a cervico-thoracic position. The dewlap is pen
dulous. Body weight of an adult Taita/Taveta Zebu ranges from 194 to 405 kg in males
and from 125 to 360 kg in females, while height at the withers ranges from 90 to 130 cm
in males and from 94 to 122 cm in females.
Maasai and Kamasia/Samburu Zebu
The Maasai Zebu belong to the Maasai tribes, who inhabit southern Kenya and northern
Tanzania. The Maasai have a long history of raiding and fighting, especially with the
Nandis and Samburus; therefore, Nandi and Samburu stock influence the Maasai cattle.
The Maasai Zebu is generally larger than other Small East African Zebutypes and is very
varied in coat colour and conformation. Body weight of an adult Maasai Zebu ranges
from 300 to 445 kg in males and from 275 to 385 kg in females; height at the withers
ranges from 1 18 to 140 cm in males and from 1 10 to 135 cm in females. The Samburu
herds, like those of the Maasai, are of very mixed origin. This is a reflection of the tra
ditional and continuing raids, and counter-raids among these pastoral communities
(Rege and Tawah 1999). The Kamasia/Samburu Zebu is sometimes included in the same
category as the Maasai Zebu (Payne and Hodges 1997).
Winam or Kavirondo Zebu
Luo and Luhya ethnic groups own the Winam or Kavirondo Zebu, which inhabit the
neighbouring Nyanza and Western provinces, on the shores of Lake Victoria. There is a
wide variation in coat colour; however the most frequent coat colours are black, white or
black-and-white. There are also variations in size of the horns and hump. Wither height
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is in the ranges of 95-132 cm in mature males and 94-125 cm in mature females.
Mature body weight ranges from 215 to 419 kg in males and from 195 to 365 kg in
females.
Nandi Zebu
These cattle are found among the Nandi ethnic group inhabiting western Kenya, north
east of Kavirondo. The Nandi have a long history of cattle raiding and fighting, es
pecially with the Maasai, and therefore their cattle are influenced by the Maasai stock.
Nandi Zebu are small, fine-boned, dairy-type of cattle with varying coat markings and
patterns (including black and red, fawn, white and grey, and a mixture of these colours).
In the majority of the animals, the hump is thoracic in position; it varies in size but is
large, rounded from front to back and hangs backwards in bulls. The udder is mo
derately well developed with rather small teats that are placed close together. Wither
height ranges from 1 18 to 122 cm in a mature male and from 1 10 to 119 cm in a mature
female; mature body weights of males range from 215 to 420 kg and of females from 200
to 320 kg.
Teso Zebu, Turkana Zebu and the Watende Zebu
The Teso Zebu has similar characteristics to the Teso group shown in Table 2 and is
associated with the Teso ethnic group inhabiting the Busia District, north of Lake
Victoria. The Turkana Zebu is considered a strain of the Karamajong Zebu that has been
associated with the Turkana people of Kenya. The morphological characteristics of this
zebu are similar to those described earlier for the Karamajong Zebu. The Watende Zebu
is associated with the Watende/Kuria tribes inhabiting an area south of the Kavirondo
Gulf of Lake Victoria (Kuria District). Their coat colour is usually black but brown
animals are also found. They are relatively deep-bodied, have a small hump and have
moderately thick horns. The breed has been interbred indiscriminately with neighbour
ing breeds/strains. As is the case with the Kikuyu Zebu, it is listed among the breeds/
strains that are endangered and at risk of extinction (Rege and Tawah 1999).
From the foregoing, it is evident that more information on breeds, performance charact
eristics and classification of Kenyan zebu cattle is required before unique breeds/strains
and individuals of outstanding genetic merit can be identified from the diverse gene pool.
The above classification of Kenyan zebu cattle, based on tribe or geographical region, is
inaccurate, thus, making implementation of rational conservation and utilisation strat
egies difficult. As will be seen in Chapter 4, molecular studies indicate that Kenyan zebu
cattle can be separated into three groups irrespective of tribe and region, namely:
• the 'Boran group', including the Kenyan Boran, Orma Boran, Kikuyu or Highland
Zebu and the Winam or Kavirondo Zebu
• the 'Coastal group', including the Duruma, Giriama and Kamba Zebu
• the 'Inland group', including the Maasai, Nandi, Taveta, Turkana and Teso Zebu.
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A classification based on objective criteria, such as genetic distinctiveness, will fa
cilitate development of sustainable genetic improvement programmes that take into
account improved productivity and conservation of genetic diversity. Apart from the
programme for improvement of the Kenyan Boran, there are no programmes for the
improvement of Kenyan zebu cattle.
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Boran Zebu
Duruma Zebu
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Duruma Zebu
Giriama Zebu
16
Giriama Zebu
Kamba Zebu
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Kamba Zebu
Taita/Taveta Zebu
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Taita/Taveta Zebu
Maasai Zebu
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Orma Boran Zebu
C'W^:.
Orma Boran Zebu
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3 On-farm phenotypic characterisation of
Kenyan zebu cattle
Formulation of appropriate strategies for long-term maintenance and use of the genetic
variation within livestock species requires characterisation of animal genetic resources, to
identify the variation and appropriate germplasm that is optimal for each system. Pheno
typic characterisation involves carrying out baseline surveys in order to: establish identit
ies and characteristics of individual populations (breeds/strains); determine the status of
animal populations; document the full range of existing production and management
systems; and compare breeds with respect to the mean and phenotypic variance of their
performance and characteristics. Until we have proper information on the genotypic and
phenotypic characteristics of our indigenous breeds, no rational decisions can be made
regarding their utilisation and conservation.
3.1 Objectives
1 . To document information on breeds, herd structure and performance characteristics
of Small East African Zebu(SEAZ) cattle.
2. To document on-farm breeding systems, practices and objectives of the communities
residing in the project pilot districts.
3. To characterise the physical, adaptive and productivity characteristics of SEAZ, in
cluding a description of the environment under which the animals are reared.
3.2 Materials and methods
3.2.1 Data sources
The study was conducted in four districts, namely Makueni, Kitui, Taita Taveta and
Kajiado located in the arid and semi-arid marginal lands between latitude 1°S and 4°S
and longitude 36°W and 40°W (Figure 1). These districts receive a bimodal rainfall and
a prolonged dry season. The long rains begin in March and end in May while the short
rains occur between October and December in the Makueni, Kitui and Taita Taveta
districts, and between November and December in the Kajiado District (ILCA 1982;
Jaetzold and Schmidt 1983; Musembi 1986). The major climatic characteristics of the
study area are summarised in Table 4. The inhabitants of Makueni, Kitui and Taita
Taveta districts are the Kambas and the Taitas who are mainly agropastoralists. The
Maasai inhabit the Kajiado District; they were originally pastoralists, but with changing
economic times, have started to embrace crop farming. Livestock production systems in
these areas are characterised by minimal management inputs in terms of breeding, dis
ease control and nutrition, and are mainly traditional and subsistence oriented.
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Sampled districts for molecular characterisation
Data sources for on-farm phenotypic characterisation
Non-sampled districts for molecular characterisation
Figure 1. Data and sample sources for the on-farm phenotypic and molecular characterisation.
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3.2.2 Field data collection
The study consisted of surveys carried out in 1992, 1998 and 1999. Two surveys were
undertaken in 1992. Table 5 shows where each survey was carried out and the total
number of questionnaires administered in each district. All households were chosen at
random. The 1992 surveys were mainly carried out in the lower divisions of Makueni
(Makindu, Kibwezi and Mtito Andei divisions) and Kajiado districts (Central, Mashuru
and Loitoktok). In the 1998 survey in Kitui District, multi-level stratified sampling was
used; in each division, three locations were chosen at random. In these locations, three
sublocations were chosen and in each sublocation, three randomly chosen farmers were
interviewed. For the 1999 survey, the three divisions with the highest concentrations of
indigenous zebu were surveyed using a similar protocol to that used in the 1998 survey,
with additional inclusions of the farmers with the highest and lowest numbers of live
stock in each division.
Table 5. Location of each survey and total number of questionnaires administered in each district.
1992
Survey years'
District 1" survey 2nd survey 1998 1999
Kajiado X (86) X (60)
Makueni X (87) X(106) X(60)
Kitui X (65)
Taita Taveta X(60)
1. Numbers in parentheses indicate the total number of questionnaires administered.
Structured questionnaires were used to collect information on the location of the
farm, the breeds and strains kept, herd/sex structures, uses and preferences of breeds,
adaptive and tolerance characteristics, breeding and management, and production and
reproduction. A summary of the information collected and the classification used is
given in. Given the absence of performance recording in the four districts, the pro
ductive and reproductive performance of the animals were obtained by asking farmers
questions related to the reproductive cycle. Indicative milk production was obtained by
asking farmers to relate yield to the number of 300-ml soft drink bottles or 0.5-litre cook
ing fat containers that could be filled per milking.
3.2.3 Data classification
Depending on responses from the farmers, the collected information was classified into
various classes (Appendix I). For example, the herd structures were classified into seven
classes based on sex, age and whether an animal was intact or castrated. For the males,
five classes were defined: aduit intact males (>3 years old); adult castrates (>3 years old);
young intact males (1-3 years old); young castrates (1-3 years old); and immature males
(0-1 year old). For the females, only two classes were defined: adult females (>3 years
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old); and immature females (0-1 year old). Similarly, different uses of animals and
reasons why indigenous breeds are preferred were identified. Type of mating systems
applied were also identified and classified into four classes, namely: natural controlled;
natural uncontrolled; artificial insemination (AI; indigenous semen); and AI (exotic
semen). Responses from farmers (e.g. reasons for choosing mating systems, prevalent
diseases etc.) and effects (e.g. type of birth, calving season etc.) were also identified and
classified.
3.2.4 Data analyses
Data were analysed using the MEANS, GLM and FREQUENCY procedures of Statisti
cal Analysis Systems (SAS 1993). The whole data set was divided into three subsets based
on the survey years, district and on whether there were common variables in all the ques
tionnaires. For the production data, means and standard t-test across districts and years
were obtained while for die categorical data, the number of individuals in each of the
defined classes was obtained using frequency counts. Tests of significance and associ
ations (chi square tests) across districts and years were undertaken to ascertain indepen
dence of different classification variables.
3.3 Results and discussion
3.3.1 Uses of indigenous zebu breeds
The functions performed by indigenous zebu breeds in the study area are represented in
Figure 2. As can be seen, indigenous zebu breeds serve several functions that differ across
and within districts. The zebu is used more as a source of draft power in Makueni
(30.6%) and Kitui (24%) districts than in Taita Taveta (10%) and Kajiado (4.4%)
districts. This difference can be attributed to differences in traditions between the
communities inhabiting these districts. The Kamba communities that inhabit the
Makueni and Kamba districts have long been known to use cattle for draft power. While
the Taita Taveta and Maasai communities have learnt this quite recently; the use of
cattle as a source of draft power is still very low among the Maasai tribe who regard the
use of cattle for draft as a form of slavery. Draft includes activities like ploughing, plant
ing, weeding and ridging and therefore requires strong animals that are able to endure
hardship. In most cases, only male animals are used for these activities. This observation
was confirmed by the results of this study, which showed that over 96% of farmers in
each district preferred using male to female animals for ploughing. The situation was dif
ferent when it came to using zebu cattle for transportation, in which case results de
pended on whether alternative forms of transport were available. Donkeys play a greater
role in providing power for transport in Kimi and Kajiado than in Makueni and Taita
Taveta districts. Within the study area, the importance of draft animal technology is
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Proportion of respondents (%)
35J Makueni
0 I I I I I I r^
DM I Ma Me SV B
Proportion of respondents (%)
Taita Taveta
Proportion of respondents (%)
Kitui
D M I Ma Me SV B
Proportion of respondents (%)
Kajiado
D M I Ma Me SV B D M I Ma Me SV B
Functions of indigenous zebu breeds Functions of indigenous zebu breeds
D - draft; M - milk; I - income; Ma - manure; Me - meat; SV - social value; B - by-products
Figure 2. Functions performed by indigenous zebu breeds.
expected to increase in the future. Land tenure regulations and inheritance patterns
combined with population growth will keep farm sizes relatively small; moreover, farm
sizes will increasingly be smaller than the area normally considered economically viable
for cultivation using tractors.
As was expected, in all the districts, farmers kept zebu cattle for milk production for
home consumption and sale. Apart from in Makueni District, farmers ranked milk pro
duction as the primary reason for keeping zebu cattle. This indicates the importance of
inclusion of milk production traits in any breeding programme aimed at zebu cattle in
these districts. In all the districts, cattle are a direct source of income, which is realised
by exchanging cattle for cash. This in turn is used to purchase goods and services ranging
from food items, clothing, medication and schooling to the purchase of breeding stock
and livestock inputs for production. As more and more farmers send their children to
school, the use of cattle as a source of income is bound to play an even greater role in
the future.
26
The indigenous zebu cattle are also used as a source of manure. Manure is used for
different purposes in each of the districts. The proportion of respondents using manure
as fertiliser, fuel or building material is shown in Figure 3. In all the districts, manure is
used as fertiliser. Manure is used principally for building in Kajiado (92.5%), to a smaller
extent in Taita Taveta (17.7%), but negligibly in Kitui (1.7%) and Makueni (<1%). A
similar pattern was observed for use of manure as fuel. Agriculturally, given their central-
ity in nutrient cycling, livestock play a vital role in the development of sustainable and
environmentally sound mixed crop-livestock farming systems. The use of manure for
building demonstrates efficient use of an abundant and available resource by the Maasai.
This may be due to the nomadic Maasai lifestyle, which does not allow for the construc
tion of permanent houses; however, it may also be due to the fact that the Maasai are
not engaged in crop production and hence there is no competition between enterprises
(building vs. fertiliser).
Generally, in these study areas, zebu cattle are the major source of meat. However,
Figure 2 summarises farmer's responses as to whether their particular households slaugh
tered zebu cattle for home consumption. Cattle are slaughtered during specific occasions
and functions such as weddings, funerals, religious and cultural festivals. For home con
sumption, the majority of households preferred to slaughter small ruminants and
chickens, or to purchase beef from butcheries rather than to slaughter cattle.
Proportion of respondents (%)
100
T
Makueni Kitui Taita Taveta Kajiado
Districts
& Fertiliser Q Fuel EE Building
Figure 3. Proportion of respondent using manure as fertiliser, fuel or for building.
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The use of indigenous zebu cattle as multi-purpose animals has been demonstrated in
Ethiopia (Mukasa-Mugerwa 1981) and in Kenya (Mosi et al. 1996). This has arisen from
the need to extract more than just milk and meat, in the quest to maximise output from
these animals that can survive and reproduce under the harsh environmental conditions
of the tropics. The development of specialised single purpose breeds, for the exclusive
production of either beef or milk, is not an appropriate option for the study areas or for
other areas where indigenous cattle are popular. Such livestock development activities
would not attract committed farmer participation as they are targeted on single purpose
milk or meat production while ignoring the farmers' primary interest in livestock as pro
viders of several products. Further, the bio-energetic efficiency of multi-purpose livestock
production would be overlooked by such developments giving rise to misplaced objec
tives. In a simulation study to compare different breeding objectives and schemes, Kahi
(2000) reported higher profits in breeding programmes with dual-purpose objectives
than in those with a single purpose objective (beef). The functions required of zebu
cattle influence the traits desired by farmers from the viewpoint of genetic improvement.
Therefore, the component traits need to be identified carefully before deciding what
breeding or livestock development objectives should be adopted. This is the subject of
Chapter 5 of this report.
3.3.2 Farmer preferences for breeds
Table 6 shows the proportion of respondents with a preference for each trait category. It
is evident that in all districts, the indigenous breeds are preferred due to their superior
adaptive capacity to the local environmental stresses, which involves their resistance to
diseases and parasites. As was the case for the functions played by indigenous zebu
breeds in Makueni and Kitui districts, farmers in these districts preferred these breeds as
draft animals. As was expected, very few farmers preferred zebu cattle because they were
better milkers, even though milk production was an important function expected of the
animals (Section 3.3.1). Zebu cattle are preferred not in terms of the quantities of milk
they produce, but due to their ability to provide milk under extreme conditions in which
their exotic counterparts would be unable to survive, let alone produce.
Farmers preferences for breeds
Survival Resistance to Better Better
during diseases and
parasites
draft
animals
Ability to work
for long hours
milking
animals
Highly
fertile
Better
carcass
Combined
criteria1District droughts
Makueni 52.55 21.9 14.6 8.76 2.19 - - -
Kitui 57.95 25.64 9.23 - - 2.59 - 3.59
Taita 34.23 34.23 — 5.41 16.22 - - 9.91
Taveta
Kajiado 63.03 18.18 - - 8.48 - 6.06 4.26
Table 6. Proportion (%) of respondents with preference for each characteristic, in each district.
1. Kitui - better milking animal, better carcass quality, docile, high calf survival, better mothering ability; Taita Taveta ■
better carcass quality, docile, better draft animal, high calf survival, better mothering ability, high fertility rates;
Kajiado - docile, better draft animal, ability to work for long hours, high calf survival, high fertility rates.
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The preference for indigenous breeds within the study area, may be attributed to
their status as low risk, low investment animals. These breeds require no supplemen
tation during the dry season, often subsisting on poor quality forages, and require mini
mal levels of veterinary care. These are the strong points of the indigenous breeds. These
cattle provide the only means of survival in an environment unsuitable for any other
type of land use. In their study in the Oyo State of southern Nigeria, de Jode et al.
(1992) reported similar responses to those obtained in the present study. In that study,
N'Dama cattle and their crosses were preferred to the exotics due to their greater resist
ance to diseases, wider dietary preferences, and production of better quality meat and milk.
3.3.3 Breeding systems and selection
As shown in Figure 4, the most common breeding system in Makueni, Kitui and Taita
Taveta was purebreeding, while in Kajiado district it was cross-breeding. Cross-breeding
was between the exotic Sahiwal and indigenous zebu breeds and it was undertaken to
improve milk and beef production. Mating, in all the districts, was mainly natural un
controlled mating and was therefore associated with parturitions distributed throughout
the year. Natural controlled mating was more common than mating using AI. Most
farmers were forced to allow their cattle to natural uncontrolled mating because of re
stricted land sizes and the lack of enough resources to demarcate the grazing grounds
into paddocks to facilitate separation of male and female animals. An advantage of natu
ral uncontrolled mating is that it allows for all year round supply of milk. Similar breed
ing and mating systems, and calving regimes have been observed in the southern Darfur
region of Sudan (Wilson and Clarke 1975) and in the agropastoral and pastoral sub-
sectors of Mali, Nigeria and Kenya (Maasai) (de Leeuw and Wilson 1987). In systems
characterised by seasonal availability of feeds, calving throughout the year is a disadvan
tage, especially when calving occurs during a time when feed is scarce. At such times, the
dam is put under nutritional stress leading to low milk yields, slow growth rates and low
calf survival rates.
Cross-breeding was unplanned and uncontrolled, and therefore a threat to the in
digenous animal genetic resources (Rege 1998). Recent reports indicate that the Maasai
in Kajiado are actually asking for Sahiwals to use in cross-breeding. The zebu breeds rep
resented in the present study have most probably had gene introgressions from other
zebu types and even between themselves; these will have occurred over time through
trade, social exchange and migrations. Because of the possibilities of between- and within
-type gene introgression in the past generations, the zebu populations of the study area
must have many alleles in common.
The majority of farmers, in all the districts, indicated that they obtained their breed
ing material from their own farms with selection of male animals being practised by a
majority of farmers in Kajiado and Kitui, and of both sexes in Makueni and Taita Taveta
districts. While the farmers practise selection of breeding animals, they do not keep re
cords, other than those of numbers, which are committed to memory. This is similar to
what was observed by Dersch (1986) in the Debre Birhan area of Ethiopia.
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Proportion of respondents (%)
100 r
Makueni Kitui Taita Taveta Kajiado
Districts
S Pure breeding 0 Cross-breeding H Both
Figure 4. Proportion of respondents using a given breeding system.
The basis of selection of breeding animals differed, both within and between districts.
As can be seen in Table 7, both qualitative and quantitative traits were important. Much
emphasis was put on milk production, body size, coat colour and horn shape for select
ing breeding animals in Makueni, Kajiado and Taita Taveta districts. Large animals were
preferred as they provided better draft power and higher milk yields, fetched better mar
ket prices, had better growth rates and reached market weights sooner. Brighter coloured
coats were preferred most as these were considered not to attract tsetse flies and thus
acted as a natural control against infection with trypanosomosis. In Kitui District, how
ever, coat colour and horn shape were valued highly, but this could be due more to aes
thetic reasons than economic considerations.
Table 7. Proportion (%) of respondents using a particular character as the basis for selection.
Basis of selection of breeding animals
Other
Milk
production
Coat Horn
shape
qualitative Combined
criteria2District Body size colour Fertility traits'
Makueni
Kitui
32.54 23.08
10.84
31.34
25.89
17.16
33.73
11.94
22.34
28.92
18.78
15.38
16.87
11.83
9.64
8.21
9.16
Taita Taveta
Kajiado
30.6
23.86
17.91
1. Other qualitative traits include extended dewlap, long neck, long tail, long prepuce, long navel flap.
2. Makueni - horn shape and size, and fertility; Kitui - fertility and body size; Taita Taveta - horn shape and size, and
other qualitative traits; Kajiado - fertility and other qualitative traits.
Coupled with the fact that most herd sizes are small, lack of records on pedigree is
expected to result in intense inbreeding in these herds. Quantification of the extent of
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inbreeding is difficult because it requires accurate record keeping especially of the pedi
gree. Branding, or ear tagging or notching for identification is rare and instead identifi
cation is based on phenotypic appearances and the occasional naming of animals with
out any distinguishing identification marks. Lack of animal records and identification
has very serious implications, as no effective selection and breeding programmes can be
applied in the absence of records. Nuru and Dennis (1976) noted that the major handi
cap to improvement of the reproductive performance of cattle in northern Nigeria,
under on-farm conditions, is the reluctance on the part of the Fulani people to keep
records. Like the communities of the study area, the Fulani rely on memorised records,
which over a long period may lead to inaccurate information and incorrect breeding
decisions.
3.3.4 Nutrition and feeding
Poor nutrition is one of the major problems affecting livestock productivity in the
tropics. This is normally reflected in reduced live weights, perpetual low animal pro
ductivity, greater age at first parturition, increased parturition intervals, prolonged non
productive life and high mortalities. In the study area, natural pastures are the major
feed resource and its utilisation is through continuous grazing. Some farmers in Kitui
tether their animals. Tethering is common during the cropping season. This could be
due to the shortage of herding labour as farming activities are at their peak. Moreover,
tethered animals are able to obtain sufficient access to pasture during this period of the
year. Tethering allows better control of animals that could otherwise stray onto other
people's farms.
Feed conservation is commonly practised in the form of crop residues (cereal straws)
and hay, from native pastures. These conserved feeds are fed to animals during the dry
season, to work oxen during the cropping season and to in-calf and lactating cows. Sup
plementation of the indigenous breeds using high energy and protein concentrates is
rarely practised in the rural areas surveyed. Equally rare is the provision of mineral licks
as part of cattle diets. However, animals try to exploit various natural salt deposits that
exist in the grazing fields. These results agree with results obtained in Nigeria (Pullan
1979; de Jode et al. 1992) and Botswana (Rennie et al. 1977) under management systems
similar to those in the study area.
3.3.5 Animal health and adaptation
The management of animal health in the study area is a very simplified practice charac
terised by very low levels of inputs. Castration of animals is undertaken as a normal rou
tine. Animals are not dehorned and vaccinations, other than through government inter
ventions, are rarely administered. In total, 34 diseases were reported to occur in the
study area and these are shown in Appendix I. Figure 5 shows the diseases that appear to
cause most problems in the study area. It should be noted that the overall incidence of
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Proportion of respondents (%)
Makueni
Proportion of respondents (%)
CBPP Anaplasmoses ECF
FMD Trypanosomes Others
Proportion of respondents (%)
Taita Taveta
FMD ECF Pneumonia
Trypanosomoses Worms Others
Common diseases
FMD ECF Pneumonia
Anaplasmoses Worms Others
Proportion of respondents (%)
Kajiado
Others
Anaplasmoses Worms Anthrax
ECF Black quarter Others
Common diseases
CBPP - contagious bovine pleuropneumonia; FMD - foot-and-mouth disease; ECF - East Coast fever;
others includes the remainder of the diseases in Appendix I, excluding those mentioned above.
Figure 5. The most common cattle diseases occurring in each district.
these diseases was rather low, which could indicate low susceptibility and immuno-
responsiveness to various infections. It is interesting to note that tick-borne diseases are
common in all the districts. East Coast fever (ECF) was a problem in all the districts.
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Anaplasmosis was common in Makueni, Kitui and Kajiado. Gastro-intestinal worms
were a problem in all districts, except Makueni.
The conventional control measures, such as spraying with acaricide, vaccination
through government interventions, deworming, proper hygiene, use of traditional herbs
and trapping of tsetse flies are being employed by farmers, although sometimes in the
wrong way. For instance, approximately 4% and 6% of farmers in Makueni and Kitui dis
tricts, respectively, indicated that they sprayed their animals to prevent occurrence of
FMD. In sub-Saharan Africa, there is widespread and indiscriminate application of acari
cide to control ticks. This has resulted in emergence of acaricide-resistant ticks (Nolan
1990). Similarly, 2% of farmers in Makueni District applied deworming to prevent occur
rence of anaplasmosis and ECF. The frequent intermingling of different groups of ani
mals in the utilisation of common resources provides ideal opportunities for the exten
sive spread of infectious diseases like rinderpest, FMD, CBPP and tick-borne diseases.
The exposure of livestock to wildlife, which is common in the study area, provides op
portunities for infection with diseases such as trypanosomosis, ECF and anaplasmosis.
Wildlife species act as the major hosts and as reservoirs for these infections.
The use of chemotherapy to control diseases has either been ineffective, unsustainable
or uneconomic. Despite this, these measures are still being used in the study area to pre
vent occurrence of the common diseases. Genetic approaches to disease control have been
suggested and should be explored for most of the tropics. In the study area, it was evident
that farmers are aware that some degree of tolerance to the common diseases exists in the
indigenous zebu breeds of the Makueni, Taita Taveta and Kajiado districts (Figure 6).
Proportion of respondents (%)
120
Makueni Kitui Taita Taveta Kajiado
Districts
□ Poor | Good
Figure 6. General degree of tolerance of the common cattle diseases in each district.
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Therefore utilisation of breeds of livestock that are considered to be disease resistant or
tolerant is important to reduce the reliance on chemicals, which end up in animal
products and on pastures. Breeding for resistance has attracted considerable research and
development attention all over the world. A near unanimous response from farmers in all
districts show that heat tolerance of indigenous zebu catde seemed to be good.
3.3.6 Herd structures
There is a relationship between function of zebu cattle and sex structure of the herd. In
districts where zebu cattle provide draft power (Makueni and Kitui), there is more empha
sis on maintaining male cattle than in districts (Taita Taveta and Kajiado) focusing on
milk production (Table 8). In Taita Taveta and Kajiado districts, the male to female ratio
of 35:65 is similar to that noted in Sudan (Wilson and Clarke 1975) and Nigeria (Pullan
1979). In Makueni and Kitui districts, the management system tends to support similar
proportions of males and females. This has also been noted in other agropastoral systems
of Africa such as in Mali (de Leeuw and Wilson 1987) and Ethiopia (Mukasa-Mugerwa
1981).
Table 8. Age and sex structures of cattle herds in the study area.
Percentage of cattle in each category by district
Age-sex structure Makueni Kitui Taita Taveta Kajiado
Males: 46.86 41.78 36.05 36.08
Adult males (>3 years) 13.92 17.99 8.39 5.46
Adult castrates (>3 years) 6.27 5.22 5.56 11.91
Young intact males (1-3 years) 9.61 8.90 11.79 5.66
Young castrates (1-3 years) 0.98 0.77 2.57 4.26
Immatures (0- 1 years) 16.08 8.90 7.72 8.78
Females: 53.14 58.22 63.95 63.92
Mature (>3 years) 29.02 43.13 40.37 39.31
Young (1-3 years) 12.16 8.12 14.04 12.16
Immature (0- 1 years) 11.96 6.96 9.55 12.45
Average herd size (numbers) -5.20 -7.95 -22.29 -53.94
Consistent with the findings of studies carried out elsewhere in East and South
Africa (FAO 1967; Doran et al. 1979), animals over 3 years of age constitute a consider
able proportion of all herds in the study area. The percentage of breeding females (range
29.02-43. 13%) is considered high and could be due to the importance of milk to the
households. It may also be the result of an attempt by herders to overcome the limi
tations imposed on herd growth by high mortalities and low conception rates. The num
ber of adult breeding bulls in each herd gives a mating ratio of 1 bull to just under 8
breeding females, i.e. 1:2.08 for Makueni, 1:2.4 for Kitui, 1:4.8 for Taita Taveta and
1:7.2 for Kajiado. These ratios are similar to those found in the Ethiopian highlands
(1:1.97) (Mukasa-Mugerwa 1981) and in migratory (1:5.9) and sedentary (1:6.9) herds in
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Sudan (Wilson and Clarke 1975). This is rather a high outbreeding female ratio
compared with the recommended ratio of 1:50 under natural service. The average herd
sizes are small indicating that scope for within-herd selection amongst replacement cattle
is small. Consequently, organisation of an efficient breeding programme using
individual herds is limited.
3.3.7 Production and reproductive performance
The least squares means for production and reproduction traits in each district are pre
sented in Table 9. For most of the traits, significant differences between districts were
observed. The highest offtakes, expressed in terms of numbers, were observed in Taita
Taveta and Kajiado districts. However when expressed as a proportion of the average
herd size (Table 8), Makueni District had the highest offtakes while Kajiado District had
the lowest. Kajiado and Taita Taveta districts are located near to Nairobi and Mombasa,
respectively. This provides a readily available market for beef. This could explain the
higher offtakes and larger herd sizes in these two districts compared with the other dis
tricts.
Animals in Taita Taveta District attained sexual maturity at a much younger age,
which had a direct influence on the age at first calving (Table 9). The age at first calving
in each district is high when compared with that of B. taunts breeds whose age at first
calving is between two and three years. This is in agreement with observations from
other studies involving African zebu cattle under extensive traditional management
systems (Sacker and Trail 1966). Nutritional stress throughout the growth period is
almost certainly the cause of this late age at sexual maturity and at first calving. Topps
(1977) found that, in general, undernutrition delayed the onset of sexual maturity due
to nutrition-related problems of infertility and subfertility.
The overall calving interval for the surveyed area was 16 months, with Taita Taveta
District having the longest calving interval (18.5 months) and Kajiado District the
shortest (13.9 months) (Table 9). Sada (1968) suggested that in N'Dama, Sokoto Gudali
and West African shorthorn cattle, calving intervals shorter than 410 days (13.6 months)
are very good, those of 411-460 (13.6-15.3 months) are satisfactory and those greater
than 461 days (15.3 months) are unsatisfactory. On this basis, the calving intervals are
satisfactory for Makueni and Kajiado and unsatisfactory for Kitui and Taita Taveta dis
tricts. Estimates of calving interval in zebu cattle range from 12.2 to 26.6 months and
most are therefore unsatisfactory (Mukasa-Mugerwa 1989).
The lactation length ranged from 6.7 months in Taita Taveta to 9.8 months in
Makueni (Table 9). This wide variation could be due to the difference in weaning ages of
calves in the districts. Producers in Taita Taveta District wean dieir calves earlier than do
those in the other districts. There are also relationships between the herd sizes (Table 8)
in each district and the lactation lengths. In Kitui and Makueni districts, lactation length
is longer than in Taita Taveta and Kajiado districts; the farmers in Kitui and Makueni
districts have smaller herds and therefore milk their cows for a longer period of time to
guarantee milk supply. A large herd size translates into more cows in milk at a given time
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Table 9. Least squares estimates (means ± standard errors where applicable) for production and
reproduction traits in each district.
District
Trait Units Makueni Kitui Taita Taveta Kajiado
Animal offtake no. 3.32 ± 1.90 1.60 ±1.26 5.98 ± 1.33 6.12 ± 1.33
Age at sexual maturity years 3.33 ±0.11 4.30 ±0.1 3 3.11 ±0.14 3.17 ±0.10
Age at first calving years 4.34 ±0.14 5.30 ±0.14 3.96 ±0.16 4.40 ±0.14
Calving interval months 14.87 ± 0.93 16.70 ± 0.79 18.54 ± 0.92 13.92 ±0.81
Lactation length months 9.79 ±0.32 7.98 ±0.41 6.73 ± 0.47 6.82 ± 0.32
Daily milk yields
Lactation start kg 2.75 ±0.23 1.88 ±0.16 1.76 ±0.18 2.33 ± 0.23
Lactation peak kg 3.13 ±0.27 3.27 ± 0.23 2.39 ±0.25 3.09 ± 0.27
Lactation end kg 0.95 ±0.11 1.05 ±0.10 0.71 ±0.11 0.93 ±0.10
Lactation milk yields
Extracted kg 464.52 410.40 276.74 362.85
Milked out kg 1114.20 940.80 723.16 863.05
Annual milk yields'
Extracted kg 380.07 298.99 181.61 316.40
Milked out kg 911.69 685.41 474.57 754.34
Culling age of breeding animals
Males years 6.69 ± 0.52 6.90 ± 0.49 7.33 ± 0.54 8.02 ± 0.46
Females years 11.15 ±0.55 12.59 ±0.45 10.55 ±0.50 10.85 ± 0.45
Breeding efficiency2 % 81.84 72.86 49.15 87.32
Productive herdlife years 6.81 7.30 6.59 6.46
Lifetime production of calves no. 5.50 5.25 4.27 5.57
1. Annual milk yield - (Actual lactation milk yield " 365)/calving interval.
2. Breeding efficiency calculated as: (365 x (N - 1) » 1001/D; where N - total number of parturitions per lifetime; and
D - number of days from first to last parturition OX'ilcox et al. 1957, cited in Mukasa-Mugerwa 1989).
and therefore the farmer can allow some of them to terminate lactation early. Similar
short lactation lengths have been reported elsewhere for African cattle (Galukande et al.
1962; Thorpe et al. 1980; Otchere 1984). Lactation length has a genetic basis and is a
major limiter of milk production in tropical systems. Utilising the genetic variation in
lactation length, therefore, can make selection gains for milk yield in tropical cattle. This
can be done by selecting individuals on an optimum index of lactation yield and length,
rather than on milk yield alone (Madalena 1988).
There was a significant difference between districts in the average daily milk yields es
pecially during the start and peak periods of lactation (Table 9). The difference in aver
age daily milk production between the four districts may be due to differences in man
agement, plane of nutrition and/or breeds/strains of zebu found in each of these dis
tricts. In Kajiado lactating cows are given full access to fodder banks and are watered
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quite frequently as compared with animals in the other districts, which depend entirely
on natural pastures and crop residues.
The average daily milk yields were used to estimate the extracted (adjusted) mean
daily milk yields using the following formula:
(x,yi + x2y2 + x3y3)/(xi + x2 + x3)
where:
yi - milk yield at the start of lactation.
y2 - milk yield at the peak of lactation.
y3 - milk yield towards the end of lactation.
X! - one month after parturition (no. of days).
x2 - three months after parturition (no. of days).
x3 - five months after parturition till the end of lactation (no. of days).
The extracted lactation milk yield shown in Table 9 is a function of the extracted
(adjusted) mean daily milk yield and the lactation length. The milked out amount is the
sum of the extracted lactation milk yield and the amount of milk consumed by the calf,
which was calculated from their preweaning daily gains as suggested by Mukasa-Mugerwa
(1981). The extracted lactation milk yields of the indigenous zebu cattle reported in the
present study correspond with those obtained under similar conditions in other studies
carried out elsewhere in Africa (Leclercq 1976; Semenye 1987; Mukasa-Mugerwa 1989).
The low level of milk production by zebu cattle, while partially attributable to nutritional
stress, is also an indication that they have a low frequency of genes for high production.
Zebu cows have been under natural selection for productive traits for a shorter period
than the B. taurus breeds. Zebus evolved in an environment where periodic famines were
the rule and therefore, where the ability to survive was of greater value than the ability to
produce milk at a higher level. Under traditional pastoral systems little emphasis was put
on milk yield from individual cows; instead, large herds ensured an adequate milk supply
for the farm family. Adaptation, hence survival was more important, and natural selec
tion ensured that 'hardy' animals were the most 'successful'.
In all the districts, female animals were culled at greater ages than the males (Table
9). This is due to the very important function they play in supplying milk to the house
hold for subsistence and is consistent with the herd life of between 10 and 13 years re
ported for most African domestic cattle (Wilson 1985; Mukasa-Mugerwa 1989). The
advanced culling ages of female animals depicts the ability of the animal to survive the
prevalent diseases and drought periods, to withstand the rigours of long journeys in
search of green pastures and water, and is an indication of its good qualities. The breed
ing efficiency for cows in the four districts shows that Kajiado District had the highest
breeding efficiency while Taita Taveta had the lowest. Improvement in fertility of older
cows following systematic culling at younger ages could be the key to high breeding ef
ficiency in Kajiado. The lifetime production of calves estimated (productive herdlife/
calving interval in years) in this study compares favourably with the 5 calves reported for
the Madagascar Zebu (Guillermo 1949) and the 5.4 calves reported for the Sudanese
Kenana breed (Alim 1962).
Long reproductive life ensures a high selection differential for economic characters,
providing that the cows at advanced ages are amongst the highest producers and keeping
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them in the herd is the best policy (Saeed et al. 1987). Increased longevity is, however,
instrumental in increasing the generation interval and reducing the response to selec
tion. Thus, the balance between individual producing ability and faster genetic gains
needs to be considered in deciding the overall herd policy.
3.4 Summary and conclusions
• The indigenous zebu cattle are used as multi-purpose animals. However, the func
tions played by the indigenous breeds tend to differ in importance between districts.
The major uses of livestock are for milk production, meat production, draft, and as
sources of income and manure. These functions point to the selection of powerful
animals for traction power, animals having faster growth rates, heavy body weights
and high levels of milk production. The selected animals should be capable of with
standing the stressful environmental conditions. Selection of animals with faster
growth rates, which attain market weights earlier and have higher levels of milk pro
duction, would be desirable to most farmers. The same animals should have excellent
draft capabilities and be capable of working for long hours without showing any signs
of fatigue.
• Indigenous zebu cattle are preferred by the local communities mainly because of their
superior adaptation to local environmental stresses and to mediocre levels of manage
ment. Any intervention aimed at improving the performance of indigenous breeds
should not be at the expense of these very important adaptive traits.
• Mating is natural and uncontrolled. Pure breeding is carried out in Makueni, Kitui
and Taita Taveta while cross-breeding is common in Kajiado. Most farmers use their
own bulls or neighbour's bulls for mating. Selection of breeding animals is widely
practised, but record keeping and identification of animals is rarely carried out.
• In the study area, over half of the cattle diet is made up of natural pastures under
continuous grazing on communal lands. This leads to overgrazing due to over
stocking. In the study areas, pastures are high in crude fibre content but low in crude
protein and minerals. Limited feed intake has negative consequences on production
and reproduction. Tethering is also practised during the cropping season on private
and communal grazing grounds in Kitui. Feed conservation is widely practised in the
form of crop residues, but dry season supplementation of animals using high energy
and protein supplements is rarely practised.
• Several diseases occur, although most of them have very low incidences indicating the
presence of subclinical infections. Most of the diseases are prevalent during the wet
season. The most common curative measures employed against diseases are veterinary
and traditional treatments, quarantine and natural cure devoid of any treatment.
Common preventive measures are spraying, vaccinations, deworming, proper
hygiene, use of traditional herbs and trapping of tsetse flies. Most farmers considered
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heat tolerance of the zebu cattle to be good, but farmers had mixed reactions when
considering disease tolerance among zebu cattle.
The age structure showed that adult females formed the highest proportion of all
classes of cattle in the herds. This implies that cows are used to raise replacement
stock and to produce small amounts of milk for limited family consumption. Concep
tion and calving rates were higher in Makueni than in any of the other districts.
Mating ratios were very high as compared with the normal recommended ratio of
1:50 under natural service, such that missed oestrus periods are unlikely.
The ages at sexual maturity and at first calving were high in the study area. For in
creased lifetime production in these systems, the age at first calving has to be reduced
by increasing the plane of nutrition through the provision of adequate fodder and
supplementation. Growth potential of the indigenous breeds should also be ascer
tained both on farm and on station.
The productivity levels of indigenous zebu cattle are generally low under traditional
management systems, the main determinant of their contribution being the sheer
number of animals. Poor breeding strategies, such as uncontrolled breeding and lack
of records, worsen this situation further. The lack of performance recording implies
that there is very little opportunity to select within and between herds. This also pre
disposes many such herds to inbreeding and the subsequent depression of pro
ductivity or negative effects of random genetic drifts on productivity. Cross-breeding
as practised by some farmers should be viewed with great caution.
There is a need to establish district, divisional and location level institutions that
would empower rural farmers and facilitate their participation in all aspects of the
improvement of indigenous zebu cattle. These institutions could take the form of
farmers or breeders groups, associations and societies that would form entry points
for innovative changes and the dissemination of research results. These societies
would also provide vital forums for sharing and exchanging ideas, including market
promotion locally, regionally, nationally, and internationally of zebu cattle and their
products. Such bodies would also be responsible for setting up desired breed stan
dards, breeding programmes/schemes and performance recording schemes for long-
term improvement of the performance of indigenous breeds.
Research must focus on feed intake, one of the most limiting constraints in this case.
Alleviation of this shortcoming through increased land productivity, and by growing
indigenous, well-adapted pasture and forage legumes (such as multipurpose trees)
along terraces on farms and within the fodder banks holds much promise. The
district/divisional/location level breed societies/associations could also manage the
communal grazing grounds by setting up bylaws that empower them to control
stocking rates, and to develop and implement reseeding strategies. This control
would reduce the chances of overstocking and overgrazing, both of which are
common problems under traditional systems of uncontrolled communal grazing,
which lead to undernutrition.
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It is imperative that the second phase, which involves detailed on-farm characteris
ation of the management systems, production, reproduction and adaptive attributes of
indigenous Small East African Zebu cattle be undertaken with the full participation of
farmers. Prior to the second phase, it is important that farmers are informed of the re
sults of the first phase through meetings organised at the farm level, so that farmers' con
fidence and trust are built up to encourage future co-operation. Most previous research
activities have failed to recognise this need and this has led farmers to view researchers
with much suspicion, mistrust and contempt.
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4 Molecular characterisation of Kenyan
zebu cattle
As already alluded to in Chapter 2, the current classification of indigenous Kenyan zebu
cattle breeds is based on historical and anthropological evidence, and phenotypic data
which are influenced by the environment (Rege and Lipner 1992). Such information is
subjective and inaccurate, making implementation of rational and effective conservation
and utilisation strategies difficult. The genetic/molecular characterisation of these cattle
based on deoxyribonucleic acid (DNA) polymorphism is therefore necessary, as it is
more reliable, since it is based on precise genotypic information.
4.1 Objectives
1. To estimate genetic distances and genetic relationships among the Kenyan zebu
breeds, and those between these cattle and the reference breeds of B. taurus and B.
indicus types.
2. To estimate the genetic diversity within each Kenyan zebu breed, through
measurement of heterozygosity and allelic diversity.
3. To assess the genetic purity of the Kenyan zebu breeds through allele-specific analysis,
and to attempt to determine the origin of taurine genes present, if any.
4. To suggest a classification of Kenyan cattle populations based on molecular genetics
and to divide them into distinct genetic categories to facilitate their rational
development, utilisation and conservation.
4.2 Materials and methods
4.2.1 Sampling and genomic DNA extraction
Table 10 shows the selected Kenyan zebu breeds/strains and the reference breeds of B.
indicus and B. Taurus types. The Kenyan zebu breeds/strains were sampled from 15 dif
ferent districts (Figure 1). Sampling attempted to represent an almost equal number of
males and females from each population and was done to ensure that the animals were
as representative of the breed as possible, and to minimise the likelihood that some in-
trogression from other populations may have occurred. For each of these cattle breeds,
blood samples were collected from between 35 and 40 unrelated animals. Processing
and preservation of the blood samples was performed as described by Okomo (1997).
Genomic DNA was extracted from the peripheral blood lymphocytes (PBL), preserved
in urea (Sambrook et al. 1989) and stored at 4°C in readiness for the genotyping
exercise.
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Table 10. Selected Kenyan zebu breeds/strains and the reference breeds o/Bos indicus and Bos taurus types.
Selected Kenyan zebu breeds/strains1 Reference breeds2
Bos indicus Bos indicus Bos taurus
Duruma Zebu, Giriama Zebu, Highland Zebu, Kamba Ethiopian Boran, Nelore Friesian and N'Dama
Zebu, Kavirondo Zebu, Kenya Boran, Maasai Zebu, and Sahiwal
Nandi Zebu, Orma Boran, Taveta Zebu, Teso Zebu and
Turkana Zebu
1. Morphological and production characteristics of some of these breeds and the geographical regions in which these
breeds are found are described in Chapters 2 and 3.
2. Ethiopian Boran shares common ancestry with the Kenyan and Orma Borans; Nelore is an Asian B. indicus; Sahiwal
is indigenous to Pakistan but the Kenya Sahiwal was used in this study; Friesian (European B. taurus) was from The
Netherlands while the N'Dama (African B. taunts) was from Guinea.
4.2.2 Determination of genotypes
In total, 18 markers were analysed; these are shown in Table 11. The polymerase chain
reaction (PCR) protocols and cycling conditions used were as described in detail by
Okomo (1997). Briefly, PCR were done on 20-ng template DNA in a 10-ul reaction
volume (Mullis and Faloona 1987). The DNA samples were combined with fluorescent-
labelled oligonucleotide primers (0.5 ul for ABI kit and 0.08 ul for ILRI kit), 2.5 mm
each of the deoxyribonucleoside triphosphates (dATP, dGTP, dTTP, dCTP) and 1.6
units of thermostable Taq polymerase, in a 10 x PCR reaction buffer (pH 8.3)
comprising: 100 mm Tris, 500 mm Kcl and 15 mm MgC^. These samples were overlaid
with oil and amplifications performed in a DNA Thermal Cycler (MJ Research Models
PTC-200 and PTC-100) using 96-well microtitre plates. To separate the alleles, the result
ant products were mixed with de-ionised formamide, loading buffer and Genescan 350-
TAMRA internal size standard, and electrophoresed for two hours through a 36 cm,
4.25% polyacrylamide denaturing gel on an ABI prism™ 377 automated DNA se
quencer (Sambrook et al. 1989).
Table 11. The analysed autosomal and Y-specific microsatellite loci.
Autosomal loci
ABI StockMarks™ ILRI/ILST kits Y-specific locus
AGLA293, TGLA48, TGLA53, ILST5, ILST6, ILST8, ILST13, ILST23,
TGLA122, TGLA126, TGLA227 ILST28, ILST33, ILST36, ILST50
and MGTG4B and ILST103
INRA124
4.2.3 Data analysis
Analysis of data generated after gel electrophoresis was performed in a stepwise manner
using different computer programs for different purposes as shown in Figure 7. To test
for Hardy-Weinberg equilibrium (HWE; an indication of random breeding within a
population), the null hypothesis of the test (H0) assumed random union of gametes. The
P-value obtained for each locus-population combination ranged from zero to one
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Computer program
Genescan™ analysis software
Activity
Gel electrophoresis
Determination of molecular
lengths of the resultant
DNA fragments
Genotype™ analysis software
Sizing of alleles at each microsatellite
GENEPOP software (Raymond
and Rousset 1995)
NJBAFD (DISPAN2) (Takezaki
1998)
Calculation of individual allele
frequencies and test for Hardy-Weinberg
equilibrium
Calculation of expected heterozygosity (Nei 1987),
Gst (coefficient of gene differentiation between
subpopulations), standard genetic distance between
populations (Ds) (Nei 1972; Nei 1978) and Nei's DA
distances (Nei et al. 1983) and construction of both
neighbour-joining and UPGMA (unweighted pair-group
method using arithmetic averages) (Sneath and Sokal, 1973)
phylogenetic trees using matrices of Dg and DA genetic
distances, with bootstrapping of 1000 replications
Figure 7. Activities generated during data analysis.
(0.00-1.00). To test the null hypothesis a confidence limit of 99% was set, such that for
P-values less than or equal to 0.01, the null hypothesis was rejected.
Relative frequencies of 8 zebu-specific alleles (characteristic of B. indicus as
represented by the Sahiwal and Nelore) at 8 autosomal microsatellite loci (TGLA126,
TGLA48, TGLA53, ILST13, ILST28, ILST36, ILST50 and ILST103) and those of 10
taurine-specific alleles (characteristic of B. taurus as represented by the Friesian and
N'Dama) at 8 autosomal microsatellite loci (AGLA293, TGLA48, TGLA122, 1LST5,
ILST13, ILST36, ILST50, and ILST103), were used to determine the proportion of
indicine and taurine introgression, respectively, in the Kenyan zebu breeds.
Similarly, allele frequency data generated from genotyping of the Y-specific micro-
satellite marker INRA124 were used to determine the percentages of taurine and
indicine Y-chromosome alleles in each of the breeds studied. This marker consists of
tandem repeat units of 2-5 base pairs each and is located at the DYS6 locus of the
bovine male Y-chromosome (Vaiman et al. 1994). The Y-chromosome specific marker
(INRA124) was typed using Principal Component analysis (PCA) and produced male-
specific genotypings, with no apparent amplification observed in the female animals
tested (controls). To complement the phylogenetic tree analysis (Figure 7), PCA, which is
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a multivariate technique for examining relationships among several quantitative vari
ables was performed. Carvalli-Sforza et al. (1994), using the SAS (SAS 1993), described
the procedure of the performance.
Principal Components were computed using 213 variables (allele frequencies for a
total of 213 different alleles observed at 17 microsatellite loci). Two sets of Principal
Component analyses were carried out. The first analysis was performed on all 17 breeds
of the study (i.e. the indigenous Kenyan breeds plus the reference breeds), while the se
cond analysis was performed on only the 12 indigenous Kenyan breeds.
4.3 Results
4.3.1 Tests of Hardy-Weinberg equilibrium
The number of microsatellite loci showing deviations from Hardy-Weinberg equilibrium
(HWE) in each of the populations is shown in Table 12. At a 99% confidence level, the
number of loci deviating among the individual breeds ranged from 0 (out of 17) in the
Friesian, Giriama Zebu and Highland Zebu to 7 (out of 17) in the Kenyan Boran. In the
pooled sample, a total of 51 out of the maximum 289 deviated, which is a lot more than
is expected by chance.
Table 12. Number of microsatellite loci showing deviations from Hardy-Weinberg equilibrium, average expected
heterozygosity (and its standard error) and the total number of alleles observed across the autosomal microsatellite loci in
each of the populations.
No. of
microsatellite
loci (P^ 0.01)
Average expected
heterozygosity (gene Total no. of
observed alleles
Average no. of
observed allelesPopulation/breed diversity)
Duruma Zebu 3 0.707 (0.033) 118 6.9
Ethiopian Boran 4 0.718(0.032) 123 7.2
Friesian 0 0.658 (0.034) 114 6.7
Giriama Zebu 0 0.724 (0.037) 86 5.1
Highland Zebu 0 0.730 (0.030) 130 7.7
Kamba Zebu 5 0.718(0.027) 229 7
Kavirondo Zebu 3 0.724 (0.029) 118 6.9
Kenyan Boran 7 0.754 (0.022) 121 7.1
Maasai Zebu 3 0.740 (0.025) 136 8
Nandi Zebu 5 0.734 (0.029) 134 7.9
N'Dama 2 0.535 (0.050) 74 4.3
Nelore 3 0.660 (0.052) 113 6.7
Orma Boran 2 0.731(0.027) 109 6.4
Sahiwal 3 0.635 (0.048) 116 6.8
Taveta Zebu 3 0.731(0.028) 121 7.1
Teso Zebu 4 0.740 (0.023) 122 7.2
Turkana Zebu 4 0.735 (0.028) 133 7.8
Pooled sample (Total) 51
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4.3.2 Heterozygosity
Table 1 2 shows the average expected heterozygosities and their corresponding standard
errors, as well as the total, and mean number of alleles observed across 17 autosomal
microsatellite loci for each of the populations. The N'Dama had the lowest and the
Kenya Boran the highest expected heterozygosity. Among the indigenous Kenyan zebu
breeds, there were no significant differences between the average expected hetero
zygosities; however, when compared with the reference B. indicus and B. taurus breeds,
the differences in the average heterozygosities were significant. No significant differences
were observed in the total and average number of alleles recorded among the B. indicus
(zebu) breeds, with the exception of the Giriama Zebu that recorded a significantly lower
value of 86 alleles with a mean of only 5. 1 alleles.
Also estimated were the expected heterozygosities, level of gene differentiation among
the breeds (Gst) and number of alleles per locus and across all loci. These are shown in
Table 13. The ILST36 locus had the highest and the ILST33 the lowest expected hetero
zygosities. Gst ranged from 0.071 at the MGTG4B and TGLA53 loci, to 0.231 at the
locus ILST33. The lowest number of alleles was at the TGLA48 and ILST33 loci. While
the expected heterozygosities were directly proportional to the total number of alleles
observed per locus, no significant or consistent correlations were observed between them
and Gst values. Similarly, at most of the loci, no consistent correlations were observed
between the number of alleles and Gst values.
Table 13. Average expected heterozygosity (He), gene di/Jferentiation (Gst) and the number of alleles observed at the
autosomal microsatellite loci.
Average expected
heterozygosity
Gene
differentiation
No. of alleles
observedLocus
AGLA293 0.839 0.176 15
MGTG4B 0.874 0.071 12
TGLA122 0.865 0.067 20
TGLA126 0.800 0.079 8
TGLA227 0.872 0.209 16
TGLA48 0.719 0.200 5
TGLA53 0.785 0.071 19
ILST5 0.810 0.103 8
ILST6 0.815 0.088 11
ILST8 0.596 0.098 7
ILST13 0.696 0.125 12
ILST23 0.702 0.078 14
ILST28 0.796 0.074 14
ILST33 0.572 0.231 5
ILST36 0.879 0.085 21
ILST50 0.811 0.090 14
1LST103 0.817 0.109 12
Average 0.780 0.113
Total 213
45
4.3.3 Evidence for genetic introgression from non-zebu populations
Table 14 shows the mean frequencies of taurine and zebu-specific alleles observed at
eight autosomal microsatellite loci and of indicine and taurine haplotypes at the Y-
chromosome-specific microsatellite locus in the Kenyan zebu cattle and the reference
breeds. The N'Dama exhibited the highest (0.5 19) and the Nelore (0.060) the lowest
mean frequency of the taurine alleles. Among the Kenyan zebu breeds, the Kenyan
Boran had the highest (0.231) and the Duruma Zebu (0.068) the lowest mean frequency
of taurine alleles. Mean frequencies of the zebu-specific alleles ranged from 0.031 in the
N'Dama to 0.455 in the Sahiwal. Among the Kenyan zebu breeds, the Giriama Zebu had
the highest proportion of zebu-specific alleles (0.424).
Table 14. Mean frequencies
and taurine haplotypes at the
reference breeds.
of taurine and zebu-specific alleles observed at autosomal microsatellite loci and of indicine
Y<hromosome-specific microsatellite locus in the selected Kenyan zebu cattle and the
Autosomal loci Y-chromosome-specific locus
% indicine % taurine
Taurine Zebu No. of males haplotype haplotype
Population/breed alleles alleles tested (130-bp allele) (132-bp allele)
Duruma Zebu 0.068 0.356 10 100 0
Ethiopian Boran 0.171 0.366 16 100 0
Fries ian 0.404 0.091 35 0 100
Giriama Zebu 0.075 0.424 4 75 25
Highland Zebu 0.167 0.377 10 100 0
Kamba Zebu 0.121 0.395 15 87 13
Kapiti Boran 0.133 0.431 - - -
Kavirondo Zebu 0.208 0.287 19 100 0
Kenyan Boran 0.231 0.180 15 100 0
Maasai Zebu 0.103 0.384 16 100 0
Nandi Zebu 0.124 0.314 32 94 6
N'Dama 0.519 0.031 18 0 100
Nelore 0.060 0.401 15 100 0
Orma Boran 0.165 0.345 9 100 0
Sahiwal 0.080 0.455 35 100 0
Taveta Zebu 0.112 0.328 17 100 0
Teso Zebu 0.126 0.266 18 100 0
Turkana Zebu 0.118 0.301 13 100 0
The results of the Y-chromosomal DNA analysis also gave an indication of extent of
taurine introgression into the Kenyan zebu cattle populations. Two major genotypes
were obtained in the male animals tested (Table 14). One genotype exhibited the 132-
base pair (bp) allele, identified as the taurine allele, while the other was the 130-bp allele,
identified as the indicine allele. Among the Kenyan zebu breeds, with the exception of
the Giriama, Kamba and Nandi zebus, 100% of the males tested possessed the 130-bp
zebu allele. As expected, 100% of the males of the reference breeds exhibited the haplo
type of their respective groups.
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4.3.4 Genetic relationships among populations
Table 15 shows the genetic distances (Ds and Da) among the indigenous Kenyan zebu
cattle and the reference breeds. The Ds ranged from 0.008 in the Duruma Zebu vs.
Giriama Zebu comparison to 1.127 in the N'Dama vs. Nelore comparison. Among the
Kenyan zebu breeds, the Ds values were generally low. The minimum DA value observed
was between the Nandi Zebu and Turkana Zebu (0.059) followed by that between the
Maasai Zebu and Nandi Zebu (0.064). The trend as pertains to which comparisons had
the maximum DA values (generally among the indigenous Kenyan zebu breeds) was simi
lar to that observed for Ds values. For example, as was the case with Ds value, the highest
recorded DA value was between the Giriama Zebu and the Kenyan Boran (0.357).
Table 15. Standard genetic distances (Ds) (below diagonal) and genetic distances (Da) (above diagonal) observed among
the cattle populations.
DRZ ETH FRS GRZ HLZ KMZ KVZ KYB MSZ NDA NDZ NEL ORB SAH TVZ TSZ TRZ
DRZ 0.191 0.453 0.133 0.18 0.104 0.223 0.27 0.114 0.442 0.106 0.28 0.236 0.273 0.111 0.135 0.116
ETH 0.224 0.358 0.282 0.066 0.179 0.074 0.142 0.166 0.378 0.149 0.183 0.076 0.155 0.165 0.18 0.15
FRS 0.855 0.7 0.489 0.332 0.412 0.311 0.31 0.395 0.306 0.355 0.422 0.351 0.419 0.386 0.37 0.38
GRZ 0.008 0.274 0.875 0.263 0.18 0.293 0.357 0.195 0.479 0.181 0.346 0.31 0.337 0.158 0.207 0.19
HLZ 0.191 0.046 0.638 0.235 0.168 0.084 0.137 0.156 0.374 0.143 0.152 0.1 0.163 0.155 0.175 0.157
KMZ 0.066 0.242 0.814 0.056 0.222 0.203 0.256 0.09 0.417 0.091 0.269 0.222 0.25 0.078 0.101 0.081
KVZ 0.267 0.064 0.53 0.303 0.069 0.28 0.104 0.179 0.354 0.157 0.194 0.09 0.173 0.174 0.184 0.169
KYB 0.416 0.164 0.522 0.532 0.182 0.418 0.089 0.218 0.36 0.202 0.22 0.151 0.233 0.238 0.217 0.202
MSZ 0.093 0.185 0.756 0.082 0.146 0.081 0.223 0.337 0441 0.064 0.228 0.191 0.205 0.08 0.089 0.075
NDA 0.713 0.647 0.453 0.772 0.655 0.591 0.527 0.543 0.773 0.408 0.528 0.395 0.511 0.425 0.396 0.399
NDZ 0.065 0.166 0.664 0.068 0.133 0.082 0.178 0.277 0.015 0.685 0.245 0.177 0.219 0.068 0.071 0.059
NEL 0.467 0.217 0.928 0.507 0.187 0.506 0.288 0.367 0.344 1.127 0.398 0.176 0.159 0.269 0.253 0.266
ORB 0.265 0.054 0.665 0.297 0.97 0.293 0.088 0.175 0.231 0.699 0.218 0.247 0.183 0.205 0.201 0.186
SAH 0.354 0.133 0.855 0.36 0.151 0.422 0.191 0.359 0.263 1.102 0.285 0.161 0.198 0.251 0.245 0.244
TVZ 0.074 0.193 0.744 0.075 0.14 0.067 0.226 0.343 0.027 0.748 0.028 0.407 0.26 0.323 0.092 0.068
TSZ 0.119 0.259 0.676 0.13 0.224 0.098 0.238 0.297 0.069 0.548 0.039 0.445 0.27 0.41 0.101 0.073
TRZ 0.093 0.174 0.752 0.121 0.174 0.086 0.198 0.276 0.045 0.634 0.032 0.414 0.204 0.352 0.055 0.054
1. DRZ - Duruma Zebu; ETH - Ethiopian Boran; FRS - Friesian; GRZ - Giriama Zebu; HLZ - Highland Zebu; KMZ -
Kamba Zebu; KVZ - Kavirondo Zebu; KYB - Kenyan Boran; MSZ - Maasai Zebu; NDA - N'Dama; NDZ - Nandi
Zebu; NEL - Nelore; ORB - Orma Boran; SAH - Sahiwal; TVZ - Tavera Zebu; TSZ - Teso Zebu; TRZ - Turkana
Zebu.
The constructed phylogenetic tree revealed the existence of two distinct clusters,
namely the Friesian-N'Dama cluster and one containing the rest of the breeds (Figure
8). This second cluster branches further into two distinct subclusters. The first subcluster
contains the Sahiwal, Nelore, Kenyan Boran, Orma Boran, Ethiopian Boran, Highland
Zebu and Kavirondo zebus. The second subcluster contains the rest of the indigenous
Kenyan zebu breeds, and is divided further, with a very high bootstrap value of 90% into
two groups, one containing the Taveta, Maasai, Nandi, Turkana and Teso zebus, and the
other containing the Duruma, Giriama and Kamba zebus.
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The numbers represent the bootstrap value in percentage.
Figure 8. UPGMA tree u/ith standard genetic distances (Ds): 1 7 populations, I 7 loci.
Phylogenetic analysis carried out on only the 1 2 indigenous Kenyan zebu breeds, re
vealed two distinct clusters, with one containing the Kenyan Boran, Orma Boran, High
land Zebu and Kavirondo Zebu (Figure 9). The other cluster contains the rest of the
breeds and is subdivided into two subclusters, one containing the Duruma, Giriama and
Kamba zebus and the other, the Taveta, Maasai, Nandi, Turkana and Teso zebus.
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The numbers represent the bootstrap values in percentages.
Figure 9. UPGMA tree with standard genetic distances (Ds): 1 2 populations, J 7 loci.
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4.3.5 Principal Component analysis
The eigenvalues of the correlation matrix for the first three Principal Components,
which accounted for about 63% of the total variation in both sets of analyses, are shown
in Table 16. Also shown in this table, are the breeds separated by each set of Principal
Component analysis. The genetic relationship among all the breeds is shown in Figure
10 while that among the 12 indigenous Kenyan breeds is shown in Figure 11. The main
feature of Figure 10 is the clear separation of the Kenyan zebu breeds, from both the
African and European taurines as well as from the Asian B. indicus breeds. The other
important feature is the distinct clustering of the Kenyan breeds into two groups. The
first (Group 1) contains the Kenyan Boran, Orma Boran and Ethiopian Boran, all orig
inating from the same ancestral stock, as well as the Highland Zebu and Kavirondo
Zebu. The other cluster (Group 2) contains the rest of the Kenyan breeds studied.
Table 16. The eigenvalues of the correlation matrix for the first three Principal Components (to which the percentage
variance is proportional) and the breeds separated by each set of Principal Component analysis.
No. of
breeds PC' Eigenvalues
Cumulative
% of % of
variance variance Breeds separated by each set of PC analysis
17
12
1 47.9 30.3 30
: 37.3 23.5 53.8
3 15.8 10 63.8
1 37.6 39.7 39.7
: 12.4 13 52.7
9.9 10.4
B. taurus and B. indicus
Asian B. indicus and African B. indicus
Kenyan B. indicus separated into two clusters
European B. taurus and African taurine
Kenyan B. indicus separated into two clusters
Kenyan Boran, Duruma and Giriama Zebu and
the rest of the Kenyan zebu breeds
Highland Zebu and the rest of the Kenyan zebu
breeds
63.1
1. PC - Principal Component.
Principal component 3
1 Duruma Zebu
2 Ethiopian Boran
3 Friesian
4 Giriama Zebu
5 Highland Zebu
6 Kamba Zebu
7 Kavirondo Zebu
8 Kenyan Boran
9 Maasai Zebu
lON'Dama
1 1 Nandi Zebu
1 2 Nelore
1 3 Orma Boran
HSahiwal
1 5 Taveta Zebu
1 6 Teso Zebu
1 7 Turkana Zebu
Figure 10. Principal Components graph of the first three Principal Components axis: 1 7 populations, 1 7 loci, and 213 alkies.
49
Principal Component 3
Duruma Zebu
Giriama Zebu
Highland Zebu
Kamba Zebu
Kavirondo Zebu
Kenyan Boran
Maasai Zebu
8 Nandi Zebu
9 Orma Boran
10 Taveta Zebu
1 1 Teso Zebu
1 2 Turkana Zebu
Figure 1 1. Principal Components graph of the first three Principal Components axis: 1 2 populations, 1 7 loci, and 213
alleles.
Figure 11 represents the results of an attempt to scrutinise further the distinct clustering
of the Kenyan breeds into two groups and to resolve further the genetic relationships
among the indigenous Kenyan breeds.
4.4 Discussion
4.4.1 Population structure and within-breed diversity
The high within-breed variation based on the total and average number of alleles ob
served per breed and heterozygosities (Table 12) suggests that the populations were fairly
outbred. Among the Kenyan zebu breeds, the Giriama Zebu had the lowest number of
alleles observed. This was not surprising because compared with an average of 35 individ
uals sampled in the other populations, only seven Giriama Zebu individuals were sam
pled which may not be representative of the whole breed. The Kenyan Boran had the
highest number of alleles (7 out of 17) that deviated from HWE, which can be attributed
to artificial selection. As already alluded to, among the Kenyan zebu breeds, it is only the
Kenyan Boran that has undergone improvement through cross-breeding with exotic B.
taurus breeds (e.g. the Hereford) and artificial selection (Maule 1990). Artificial selection
is the major genetic influence on modern domestic cattle populations (MacHugh et al.
1994). The slight deviation from HWE observed in the other Kenyan zebu cattle may be
attributed to both recent and historic migrations of people with their cattle (leading to
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unquantified interbreeding with B. taurus and Sanga types) and to a lesser extent, selec
tion by the various tribes that rear the animals.
4.4.2 Extent of taurine introgression
Results of the allele-specific and the Y-chromosomal DNA (Table 14) studies suggest that
the Kenyan zebu cattle breeds studied have a mixture of both taurine and indicine genes.
This indicates that the Kenyan zebu populations are not genetically pure B. indicus. The
taurine alleles most probably result from recent cross-breeding with European breeds for
improved production, as is the case with the Kenyan Boran, which exhibited the highest
proportion of taurine alleles (23.1%). The presence of taurine alleles in the rest of the
Kenyan zebu breeds may also be the result of historical cross-breeding with indigenous
East African taurine and Sanga populations. However, the presence of taurine genes in
some of these breeds (such as the Highland Zebu and the Nandi Zebu) may be due to
recent increases in cross-breeding of indigenous breeds with B. taurus breeds (such as the
Friesian and the Ayrshire) in an effort to boost milk production in the districts included
in the study.
The Y-chromosomal DNA analysis revealed the presence of male taurine genes in the
Kamba Zebu (13%), Nandi Zebu (6%) and Giriama Zebu (25%) (Table 14). These results
are inconsistent with those of the autosomal variation analysis and are a result of pre
dominantly male-mediated introgression of the taurine Y-chromosome (i.e. the taurine
introgression is male-mediated). This is not surprising given the fact that there has been
cross-breeding (either by natural mating or AI) of the indigenous cows with exotic bull.
Males generally have a high reproductive rate as each male can be mated to several
females and therefore can be used to disseminate superior genes.
4.4.3 Genetic diversity and relationships among breeds
On the basis of standard genetic distance (Ds) (Table 15), the closest genetic relationship
among the studied Kenyan zebu populations was between the Duruma Zebu and the
Giriama Zebu, while the most closely related breeds based on DA genetic distance were
the Nandi Zebu and the Turkana Zebu. Geographically, the Duruma Zebu and the
Giriama Zebu share very close proximity, as they inhabit neighbouring districts, Kwale
and Kilifi, in the Coast Province, respectively. Some interbreeding may have occurred
between the two populations to form a homogenous group. Explanation of the genetic
similarity between the Nandi Zebu and the Turkana Zebu is not easy because the two
populations are geographically distinct. However, incessant incidents of cattle rustling by
tribes inhabiting the intermediate districts of West Pokot and Elgeyo Marakwet may
have contributed to the migration and movement of cattle from the western to the
north-western regions of Kenya, and vice versa. Consequent interbreeding between such
cattle may explain the genetic closeness of the Nandi Zebu to the Turkana Zebu.
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On the phylogenetic tree analysis, the groupings summarised on the UPGMA tree
with standard genetic distances (Ds), generally distinguished the humped (B. indicus)
from the humpless (B. taums) cattle. The Sahiwal and Nelore are separated from the
Kenyan zebu breeds suggesting that the latter are not pure zebu, but possess a mixture of
zebu and taurine backgrounds (Table 14). This tree also shows a clustering of the Kenyan
zebu breeds into three groups:
1. Kenyan Boran, Orma Boran, Highland Zebu and Kavirondo Zebu ('Boran group')
2. Taveta Zebu, Maasai Zebu, Nandi Zebu, Turkana Zebu and Teso Zebu ('Inland
group')
3. Duruma Zebu, Giriama Zebu and Kamba Zebu ('Coastal group').
Phylogenetic analysis (UPGMA method with Ds) carried out on only the 12 indigenous
Kenyan zebu breeds also supported the above results.
The Ethiopian Boran showed very close genetic relationship to the Kenyan Boran
and the Orma Boran. This was expected as all the above three populations are de
scended from the same ancestral stock (Chapter 2). The genetic closeness of the
Kavirondo to the Kenyan Boran and the Orma Boran may be due to the fact that the
Kavirondo Zebu possesses a significantly high mean frequency of taurine alleles that are
also shared by the Kenyan Boran and the Orma Boran. The close genetic relationships
seen in Group 2 are not easy to explain, as the majority of the breeds represented here
are from geographically very distant and diverse environments, with the exception of the
Nandi Zebu and the Teso Zebu that share a close geographical proximity. The close
genetic relationship between the Duruma Zebu, Giriama Zebu and Kamba Zebu (Group
3) may also be explained by their close geographical proximity.
The above results are generally consistent with the history and origins of indigenous
zebu cattle (Chapter 2). The two different waves of zebu migration into Africa may
explain the grouping of Kenyan zebu cattle into three clusters as seen in the phylogen
etic analysis. Groups 1 and 2 may principally have resulted from the genes arising from
the first zebu influx through the Suez and across the Red Sea; whereas, Group 3 may
have arisen from or been substantially influenced by the second influx, which came
across the Indian Ocean and along the East African coast.
Results of the Principal Component (PC) analysis carried out on all the 17 breeds
(Table 16) were highly correlated with those of the phylogenetic tree analysis. PC analysis
on the 12 indigenous Kenyan breeds showed a slight separation of the Kenyan Boran
from the rest by the second PC. This may be because this population exhibits the highest
proportion of taurine genes among all of the studied Kenyan zebu breeds. The Duruma
and Giriama Zebus exhibited the lowest proportion of taurine genes, which may explain
their slight separation by the second PC from the rest of the Kenyan zebu cattle that
were analysed. The reason for the slight separation of the Highland Zebu from the other
Kenyan zebu breeds by the third PC remains unclear, as there were no other significant
findings in this population that might distinguish it from the rest of the populations
analysed. This population inhabits a slightly higher altitude than the rest of the studied
populations, but given the impact of exotic breeds on the Highland Zebu, these results
were quite surprising.
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4.5 Summary and conclusions
The Kenyan zebu cattle populations were fairly outbred and apart from the Kenyan
Boran, they were at HWE. This suggests that there has been little or no systematic
selective breeding in these populations. Interbreeding and cross-breeding evident in
these populations is mainly as a result of their close geographical proximity.
The genetic distances, and phylogenetic and Principal Component analyses support
the separate domestication and origin of the indigenous B. taurus and B. indicus cattle.
The autosomal diagnostic allele analysis and Y-chromosomal DNA analysis indicated
zebu predominance in Kenya.
The Y-chromosomal DNA polymorphism detected provides a sensitive and quick
assay for the detection of both recent and historical cross-breeding between taurine
and indicine cattle populations. Y-chromosomal DNA analysis further proved that
the taurine introgression detected in the Kenyan zebu cattle and taurine breeds is
male-mediated.
The Kenyan zebu is not a pure B. indicus, as evident by the taurine background that
was detected in all the breeds, with the Kenyan Boran exhibiting the highest pro
portion of taurine influence. However, it was not determined whether the origin of
the taurine influence in the Kenyan zebu breeds was from European or Afr.can B.
taurus cattle. Kenyan zebu cattle appear to be a homogenous group of African cattle,
distinct from the pure B. indicus and B. taurus, but more closely related to the former
than the latter.
The Kenyan zebu breeds can be classified into three genetically 'distinct groups:
'Boran group', 'Coastal group' and 'Inland group'. The historic origin and the geo
graphic localisation of the breeds probably explain this separation.
This study only analysed the genetic diversity of about one-third of the different
Kenyan zebu cattle populations. The information obtained regarding the actual
amount of genetic diversity in Kenyan zebu cattle breeds may be incomplete.
Eighteen microsatellite markers (17 autosomal and one Y-specific) were used in this
study. While this number might be considered sufficient to estimate the level of gene
tic variation between breeds, these markers were unable to clearly distinguish the
origin of the taurine alleles observed as being from African or European B. taurus
cattle. The use of more informative and diagnostic markers, that can distinguish be
tween African and European taurine alleles, is therefore recommended.
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5 Breeding strategies for Kenyan zebu
This chapter outlines breeding strategies for the improved use of the Kenyan zebu
breeds. The principles discussed, however, are also applicable when improvement in
exotic breeds is sought. A good breeding strategy should be that which addresses the
opportunities, limitations, expectations and values of its target group. Furthermore, a
breeding strategy should utilise resources that are readily available and consider the ex
pectations and values of the target group. An effective breeding strategy that will deliver
benefits to the farmers should be a simple organisation capable of being implemented
within the constraints of the local farming conditions. It should result in animals with
changed genotypes, without animals losing adaptation to the local stresses and should
result in faster improvement in animal production, which is evident as soon as possible.
In addition, a breeding strategy should be accompanied by improvements in manage
ment, animal health, marketing of products and extension support from well-trained ex
tension agents. Development of any breeding strategy requires description of the animal
production systems prevailing in the target area. The type of animal production
system has a great influence on the goal traits and the type of breeding structures to
be adopted.
5.1 Animal production systems
In Kenya, animal production systems can be classified based on three factors—product,
economy and climate (Peeler and Omore 1997). The scale of production and intensity or
degree of commercialisation of production, determine the economic characteristic of a
system. As far as the scale of production is concerned, large-scale production can be
either wholly commercial or almost entirely subsistence (pastoral). Small-scale pro
duction might range from predominately subsistence to largely commercial.
For the purpose of this discussion, animal production systems can either be subsist
ence or commercial. Subsistence animal production is also referred to as the 'low input
production system'. In most of the tropics, subsistence production systems are more
common than commercial systems. For example, in Africa the subsistence sector supplies
food to 80% of Africa's population that lives in rural areas. Subsectors of the subsistence
sector include: pastoral, crop-livestock systems in semi-arid areas; crop-livestock systems
in the wet and cool highlands; and landless (requiring little land) production systems
(Jahnke 1982). Despite the importance of the subsistence sector, no breeding strategies
have been developed for this sector. Breeding strategies for this sector are likely to be
different from those in temperate regions. Most of the information reported in Chapters
3 and 4 were gathered in typically subsistence type production systems. Therefore, using
this information, attempts will be made to develop a generic breeding programme
and to outline various options for improved use of the Kenyan zebu in this kind of
system.
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In commercial production systems, production levels are higher than in the subsist
ence sector. These systems can match those in industrialised countries. Therefore, with
some small modifications the breeding strategies defined for temperate environments
can be applied in these systems. As in temperate animal agriculture, the aims would be
to improve on quantity and quality of desired products, to increase viability and to in
crease reproductive performance. This can be translated into components such as body
size, feed intake and nutrient partitioning, longevity, and fertility and fecundity. While
heat tolerance and disease resistance are also important, especially in extensive commer
cial production systems, commercial farmers have plentiful resources and use high in
puts to manipulate the environment.
5.2 Goal traits in genetic improvement of Kenyan zebu
A well-defined breeding objective is the first requirement of any genetic improvement
programme. Breeding objectives comprise those traits targeted for improvement in the
breeding programme based on their influence on returns and costs to the producer.
However, defining objectives in economic terms, which is difficult enough in temper
ate agriculture, becomes even more of a problem in the tropics because of the greater
environmental and managerial complexity (Franklin 1986). Breeding objectives should
align closely with the overall objectives of the target groups who are the critical link in
the use of genetically improved animals (Amer et al. 1998). Formulating an objective
without incorporating the needs and interests of the target group will stand the serious
risk that it may be ignored as being unsustainable or alienating to the breeding objec
tive, animal breeding methods and technologies in general of the target group. The
wishes of the target group can be included either by expanding the range of traits in
the selection criteria so that results of selection contribute directly to sustainability of
the system, or by reducing the costs of existing traits, which contribute to improved
sustainabilitv.
The goal traits are those that the farmers would like improved genetically. The list of
goal traits discussed here is based on the characterisation of the animal production
system undertaken in Chapter 3. Some ingenuity is needed to identify the component
traits that contribute to the various functions of zebu cattle identified in the survey.
These traits are shown in Table 17 together with the functions performed by indigenous
zebu breeds. The overlapping of component traits was expected given the preference for
a dual-purpose animal. As already alluded to in Chapter 3, zebu cattle provide milk for
home consumption and sale, and are used as a direct source of income by exchanging
animals with cash for other purposes. Therefore, an improvement in milk production
traits translates into an increase in income realised from the sale of milk. Similarly,
income accrued from exchange of cattle can only improve when there are surplus
animals and these are of good body condition as a result of improvements in beef pro
duction traits.
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Table 17. Function played by indigenous zebu breeds and the identified component traits.
Functions of indigenous zebu breeds Component traits
Draft Traction capacity/strength, good feet and legs, and ease of handling
Milk production, income Lactation milk yield, persistence of milk production, calving inter
val, lactation length, age at first calving, productive herdlife,
preweaning survival rates, post-weaning survival rates (survival to
maturity), resistance to diseases and ability to utilise poor quality
pastures
Beef production, income Calving rate, calving ease, age at first calving, calving interval,
weaning rate, preweaning survival rates, post-weaning survival rates
(survival to maturity), preweaning daily gain, post-weaning daily
gain, mature live weight, resistance to diseases, ability to utilise poor
quality pastures and feed intake
Apart from the component traits for draft, all others shown in Table 1 7 are
essentially the conventional traits. Carcass traits, usually very important in breeding for
meat production in the industrialised world, did not feature at all. This could be due to
the payment system for meat currently being applied in the areas where the zebu cattle
breeds/strains predominate. In these areas, payment is based on weight rather than
quality. However, this might change in the near future.
The justification of inclusion of some production traits (e.g. lactation milk yield,
productive ) is obvious in some instances. A shorter calving interval is necessary in order
to have a large number of calves in a cow's lifetime. In the study area, calving interval
was found to be rather long. Preweaning survival rate is important because it contributes
to higher net calf crop (number of calves weaned per cow). A higher net calf crop
coupled with a higher post-weaning survival rate results in a higher proportion of
animals reaching breeding age and hence being available as replacements in the herd.
Both calf survival rate and annual cow survival rate (the latter influences productive
herdlife) are traits of major importance in the tropics because the cost of production is
largely influenced by the ability of animals to cope with the prevailing environmental
conditions (Franklin 1986; Baker and Rege 1994).
Both preweaning and post-weaning growth rates determine the age at which cattle
reach a given market weight. In the study area, disease stress is a major problem (Figure
5), and income from both milk and meat is desired. When compared with growth rate,
survival is much more important (Baker and Rege 1994). High growth rate may produce
cows that require heavier body weights to achieve puberty. This can prolong the age at
first calving and compound the already existing problem of extended age at first calving
(Table 9). High growth rate also means high mature live weight, which has a significant
impact on feed requirement.
The indigenous zebu breeds were preferred in the present survey, primarily because
of their adaptation to the local stresses of poor nutrition and disease challenges (Table
6). There are two options for improving both the production and the adaptation of
animals. One is to concentrate on selection for production traits in the presence of en
vironmental stress, thus allowing adaptation to respond as a correlated set of traits. The
other is to attempt to understand the biology of adaptation and its relationship with
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production, and so develop criteria that are directed at improving both adaptation and
production (Franklin 1986), e.g. index selection. The second approach requires good
estimates of genetic and phenotypic parameters for production and adaptive character
istics. While production can be measured in terms of quantity and quality of product,
the greatest difficulty comes in identifying the adaptive traits. Several adaptive traits are
considered important in these kinds of environments. These include heat tolerance and
resistance to diseases. While heat tolerance is least amenable to managerial solutions,
disease problems may be overcome by vaccination, and eradication of parasites or their
vectors. A complete programme of disease control could include breeding for disease
resistance as well as preventive management and treatment. Breeding for disease resist
ance as opposed to the two latter approaches has an advantage in that once achieved, it
remains part and parcel of the animal population and is passed on to succeeding gener
ations. Thus it is more or less 'permanent', although only a partial solution.
All of the component traits shown in Table 17 cannot qualify as breeding goal traits.
Breeding goal traits must have the following characteristics: (a) reasonably large genetic
variability and ; (b) easily and cheaply measurable; (c) if not easily and cheaply measur
able then, must have a high genetic correlation with a trait (indicator trait) that is easily
measurable, has a higher heritability or can be measured earlier in life than the goal trait
it represents; and (d) desirable economic value, either as a marketable commodity or as a
means of reducing production costs. Table 18 shows the derived list of breeding goal
traits in four groups. It should be noted that traits such as calving interval, preweaning
and post-weaning survival rates have been included here despite the fact that their
heritabilities are low. As already noted, calving interval is usually quite long in the trop
ics.
Table 18. A suggested list of breeding goal traits in the improvement of the Kenyan zebu breeds.
Milk production Female fertility Growth Longevity and survival
Lactation milk yield Age at first calving Preweaning daily gain Preweaning survival rate
Lactation length Calving interval Post-weaning daily gain Post-weaning survival rate
Mature live weight Productive herdlife
Since production and marketing conditions are normally dynamic and change over
time, these goal traits can be combined differently in breeding objectives to suit a par
ticular production environment. For example, we can have a breeding objective that is
comprised of only milk production traits or one comprised of these traits and female fer
tility with no record available for calving interval. Before being established, a breeding
programme should be optimised by varying the goal traits, their economic values and se
lection criteria using appropriate analytical procedures. Computer programs are available
for such evaluation (e.g. ZPLAN developed at Hohenheim University in Germany). This
will give a fair picture of the effect of changes in these variables on expected genetic
gains, returns, costs and profits.
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5.3 Open nucleus breeding schemes
Breeding structures provide systems for gathering information about assessment of
animals in the production system and conditions that allow selection of parents
(males and females) of future progeny, and the matings of these animals in a desired
manner (van der Werf 1999). A breeding programme must consider and address
how superior animals will disseminate their genes quickly throughout the whole
population. When answering this question, production systems, farmers' constraints
and available infrastructure must be considered seriously if the breeding pro
gramme is to be sustainable.
As shown in Chapter 3, farmers in the study area practise selection of breeding
animals despite the fact that they do not keep records. Breeding programmes will only be
implemented successfully where accurate recording is possible. Accurate record keeping
in field populations requires money, expertise and a well-developed infrastructure (trans
port and communication structures), which is partially or completely lacking in most
parts of Kenya where the zebu breeds are predominant. Nucleus breeding schemes were
developed to circumvent the high costs arising from performance recording and selec
tion. They do not require expensive infrastructure because recording is only done in the
nucleus herd. Therefore they can be a good strategy for genetic improvement in non-
industrialised countries which lack the expertise and structure required for operating an
efficient genetic improvement programme based on AI and recording in the whole popu
lation (Smith 1988). The best males are kept for breeding in the nucleus while the re
maining selected males are used for breeding in the co-operating herds.
Cunningham (1980) described an open nucleus-breeding scheme (ONBS) which, in
the absence of Al and/or recording, was appropriate for subsistence production
systems. Bondoc and Smith (1993) recommended the establishment of two-tier open
nucleus breeding systems (Figure 12) to maximise genetic improvement, reduce in
breeding rate and reduce the total cost of recording in the participating herds.
Although recording is not essential in these herds, record keeping can gradually be
introduced as part of the extension programme of the scheme. Open nucleus systems
provide approximately 10% more genetic gain than a closed system because there are
more animals which are potential candidates for selection. Such a system will integrate
farmers' resources, reduce overhead costs and encourage more farmer participation
(Bondoc and Smith 1993). Smith (1988) described the advantages and disadvantages
of opening the nucleus.
In an open nucleus breeding system (Figure 12):
a. The nucleus is the tier that generates genetic gain and where sire selection is the main
activity.
b. There is movement of bulls from the nucleus to sire progeny in the field populations.
c. In the nucleus, there is introduction of dams born in the participating herds, which
are selected subjectively based (depending on the breeding objective) on easily and
cheaply measured traits.
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d. There is no selection in the participating herds. The bulls born in the nucleus are
used to produce cows and to sire bull calves that are kept for use to mate a pro
portion of the cows in this sector. The dams in the participating herds are used to
produce both bulls and cows in this sector.
Nucleus
Participating
herds
Figure 12. Two-tier open nucleus breeding structure with selection in nucleus and possibly in the
participating herds, and downward and upward migration of genetic material.
How can a nucleus be established and the system introduced without severe
organisational problems? Establishment of such a system requires full co-operation of
farmers. Farmers should be assured of the potential benefits of participating in the
breeding programme. Several questions would have to be addressed. The first would be
which criteria to use when enrolling farmers in the programme. After enrolment, the
challenge would be to find out how the problem of small herd sizes (Table 8) can be
solved. Small herd sizes imply that the scope for selection amongst replacements is small,
thus limiting the potential for movement of cows from the commercial to the nucleus
herd. Another important question is what incentive should farmers be given to contrib
ute their best animals to the nucleus? These questions are addressed later in this chapter.
5.4 Options for improved use of the Kenyan zebu
The use of Kenyan zebu cattle cannot be discussed without knowing the long-term
production and marketing conditions; however, these are hard to predict. Nonetheless,
assumptions can be made and these could be modified as more information becomes
available. Chapter 4 has provided a method by which the diverse range of Kenyan zebu
cattle could be classified. The current results indicate that the breeds/strains studied
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could possibly be placed into three groups. Although not conclusive, the results provide
a good starting point.
Different hereditary characteristics of breeds and even types within a breed have
resulted in differences in reactions to environmental stimuli. These reactions are inti
mately associated with anatomical-physiological characteristics, which have developed
as the result of natural selection. Therefore, despite the classification based on objec
tive criteria, e.g. gene and marker frequencies, within each group, certain breeds or
strains possess certain desirable characteristics. For example, the Orma Boran has a
reduced susceptibility to trypanosomosis and a lesser requirement for drug therapy or
prophylaxis (Dolan 1993). The Nandi Zebu is tolerant to ticks, lice, biting flies and
tick-borne diseases and has genetic potential for milk production (Payne 1970). De
veloping sustainable genetic improvement programmes for such breeds/strains that
take into account these characteristics will conserve such genetic diversity.
Options for improved use are presented under the following assumed scenario and
where necessary specific examples of possible herds in Kenya that can be used for each
option are given:
• In the long run, under climatic conditions of high altitude in central Kenya, exotic
European breeds will, most likely, predominate (case 1).
• In coastal and lowland areas, there is a need for dual-purpose cattle adapted to these
environments (case 2).
• Beef cattle grazing and some form of ranching based on adapted cattle will be one of
the alternatives of animal farming in coastal and lowland areas of Kenya (case 3).
• In marginal areas of the country, pastoral communities with a transhumance or no
madic system based on mixed species (cattle, sheep and goats) but dependent on
adapted breeds will exist for the foreseeable future (case 4).
In case 1, continuous use of exotic germplasm will lead to an increasingly higher pro
portion of exotic blood. Local Kenyan zebu genes will continually disappear in the live
stock industry in these areas. This has already been observed with the Kikuyu Zebu,
which is listed among those breeds that are endangered. Cross-breeding with the exotic
European breeds is either by AI or natural service. Genes of zebu cattle are essential for
breeding schemes under the conditions of cases 2 to 4. Results of various cross-breeding
trials, however, have shown that, with an improvement in nutrition and disease control,
crossbreds between B. taurus and B. indicus survive and show superior performance under
some of these conditions.
5.4.1 Options for case 2
Starting with herds that have experience with crossbred cattle and are familiar with
recording, a testing and selection scheme could be established aimed at creating a dual-
purpose (meat and milk) synthetic population. Choice of the foundation breeds to be
used in the formation of synthetic breeds should be based on performance under en
vironmental conditions similar to those in which the synthetic breed will be maintained.
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Inclusion of the maximum number of breeds of demonstrated potential in the synthetic
population would result in retention of the highest proportion of the original. In this
case, the location of the herds determined the choice of the zebu breeds/strains to use.
Thus if the herd is located in the coastal region, then use should be made of the zebu
breeds/strains found in the coastal area. In this area, herds belonging to the Mariakani
and Mtwapa Regional Research Centres (RRC) of KARI can be used. These herds could
act as pilot nucleus herds intended to breed sires for the next generation.
The first step would be to decide on the proportionate contribution of each chosen
breed to the synthetic to obtain the desired biological type. This is determined by the
degree of environmental modification. The percentage of heterozygosity retained is high
when the contribution of the foundation breeds in the synthetic breed is equal. Hence it
is desirable to have equal contributions by each breed if this can be done, while at the
same time achieving optimum additive genetic composition. For example, for a synthetic
breed based on equal contributions by four breeds, the proportion of mean Fj heterozy
gosity would be:
1 - [(0.25)2 + (0.25)2 + (0.25)2 + (0.25)2] - 0.75
A synthetic breed based on unequal contributions by four breeds would retain a lower
proportion of mean F] heterozygosity, or:
1 - [(0.375)2 + (0.375)2 + (0.125)2 + (0.125)2] - 0.688
However, the ultimate genotypic composition must be based on the performance, which
is a combination of both the additive genetic contributions and the heterosis.
A two-breed synthetic breed is recommended because of its organisational simplicity.
The B. taurus breeds of choice would be the Ayrshire, Brown Swiss Or Friesian. Analysis
of economic data from a large-scale farm in coastal (Kilifi Plantations) Kenya showed that
there were no significant differences in the additive breed effects of these breeds for
economic performance (Kahi et al. 2000). In the first instance, the objective would be to
have a stabilised genotype with equal proportions (50% B. taurus, 50% zebu) of genes
from each foundation breed. With such a genotype, it would be easy to increase or de
crease the gene proportion of each breed (or even include a third breed) as additional
genotypes are evaluated or in response to changes in production circumstances.
Although synthetic populations show maximum recombination loss, theoretically, their
response to selection can be greater than that of parental breeds because of the increased
genetic variation (Dickerson 1973).
Developing a synthetic breed is a long-term process that needs many resources, a large
number of animals, detailed recording and analytical facilities. Consequently, develop
ment of synthetic breeds has often been carried out on one unit with many cattle, and
where feeding and management is likely to be better than in the field. To ensure that a
synthetic breed is in harmony with the conditions in which it is expected to perform and
therefore acceptable to the farmers, it should be formed using field populations but with
matings being carried out in a central nucleus herd. Figure 13 shows how this could be
done.
At the very beginning, sires of purebred exotic breeds could be used to provide the
participating herds with 50% crossbred bulls produced out of indigenous cows. With
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Figure 13. Diagrammatic depiction of a breeding plan to create a two-breed synthetic breed using
participating herds.
such an arrangement, the percentage of temperate genes in the field population will not
increase above 50% in subsequent generations. The indigenous cows would be screened
to form the nucleus herd. Screening is a two-step selection procedure, divided into foun
dation selection and a continuation selection procedure (Gearheart et al. 1989). Foun
dation screening involves initial screening to form the nucleus herd, while continuation
selection is implemented when the nucleus is established, keeping the nucleus open. In
cases where nucleus herds of higher genetic merit than the base herds are available, then
foundation selection is not necessary.
Since formation of a synthetic breed would require several generations of co-oper
ation between the nucleus and the field population, this would also serve as a channel
for delivering improved genetics to the participating farmers. It is expected that some of
the farmers would not participate in this process. For them, the nucleus would simply
serve as a source of superior genetic material to suit their production and marketing
needs. Sire selection should not wait until the breed has stabilised, but should be part of
the process. Indeed, sires used at each stage should be evaluated objectively, as should
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cows. As the performance of daughters is a major prerequisite for proper estimation of
sires' breeding values, a relatively large proportion of recorded cows is required. There
fore, the nucleus should gradually be expanded up to a proportion of about 30% to 40%
of cows recorded in the population.
Alternatively, the herds can be used as nucleus herds for improvement of the indigen
ous cattle breeds through within-breed selection using a dual-purpose breeding objective.
A herd meeting the identified criteria for the area (e.g. the Eastern Province and neigh
bouring areas of the Coast Province) could be established at KARI's Kiboko RRC lo
cated in Makueni District and used as nucleus for this purpose. Screening of the field
population for superior animals to be introduced into the nucleus during the foun
dation stage would be the first step. The nucleus should be kept open in subsequent gen
erations. The advantage in rate of genetic gain through opening the nucleus has to be
balanced against the extra cost of recording in and continuous selection from the field
population.
5.4.2 Options for case 3
The improved Kenyan Boran breed is a good starting point to establish a national breed
ing scheme for beef cattle. Trail and Gregory (1981) reported the milk and beef pro
duction potential of the Boran breed under a range of African environments. Some stud
herds originally established by European ranchers still exist. Based on these as a nucleus,
a purebred selection scheme could be established. Such a scheme could be possible if it
was run without physically relocating animals. A well conceived, properly managed selec
tion programme run by the Boran Cattle Breeders Society is an excellent option that
needs to be explored and, if feasible, facilitated.
Rarely will commercially run livestock ranches accept being used for this purpose.
Alternatively, use can be made of stations belonging to KARI or Egerton University,
which will have to purchase or lease the improved Boran from these ranches and from
farmers. The KARI Lanet (Lanet Beef Research Centre), Garissa and Marsabit RRCs
provide existing facilities for such an undertaking. The Chemeron Station of Egerton
University (located in Baringo District) is a possibility, but would require additional
resources to ensure adequate supply of feed in most of the year; otherwise, it is well
secured for disease control. This station could be combined widi the Kimose Station
(also located in Baringo District) under the Ministry of Agriculture and Rural Devel
opment to create one nucleus herd. With such an arrangement, each station would be
required to keep animals belonging to a certain age class. For example, the breeding
females (with their suckling calves) and the breeding bulls would be kept in Kimose
Station. After weaning, the young animals would be moved to Chemeron where they
would stay up to a certain age (e.g. 2-3 years) undergoing performance testing. After
finishing the performance testing, the best males would be selected to replace the
breeding males in Kimose while the others would be sent to the participating herds.
Most of the females would be allowed to breed in Kimose, in order to be performance
tested with respect to other traits (e.g. age at first calving).
63
As beef traits (e.g. daily body weight gains, mature live weights etc.) to be improved
are measurable on both sexes, a progeny testing scheme is not needed and the pro
portion of the nucleus cows can be much lower (less than 5%) than in a scheme for case
1. A relatively fast genetic gain is expected in a purebreeding scheme, as most of the beef
traits are highly heritable and there will be large variation in the nucleus especially when
it is made up of animals from different sources.
There can also be progressive substitution of an indigenous zebu breed/strain with
another. For example, if the overall objective is to increase beef production in the coastal
area, superior genes from the improved Boran could be introduced by using Boran bulls
in a nucleus having cows belonging to the 'Coastal group' to produce halfbred bulls for
natural mating in the participating herds. Continuous use of these bulls in these herds
would lead to a cow population with 50% of genes from the improved Boran. If the
farmers accept the performance of these crossbred cows, then crossbred cows from the
participating herds can be screened and introduced into the nucleus. The bulls used in
the nucleus would continue to be pure bred improved Boran and this would result in
the cows in the field population moving gradually to 100% new genes.
The use of bulls from exotic B. taurus breeds (e.g. Charolais or Simmental) is not
recommended except for terminal crossing to produce crossbred animals for feedlots, if
there is a market for this. Trials in use of bulls of foreign beef zebu breeds (e.g. Brahmans
from the USA or Australia) are open for discussion, as not much of this has been done
in Kenya, and results are not available.
5.4.3 Options for case 4
Socio-economic, logistical and infrastructural restrictions will probably continue to pre
clude possible establishment of any meaningful breeding programme under the con
ditions of pastoral and migratory communities. The breeding objectives under these
extremely harsh and highly variable conditions are quite complex. 'Hardiness' remains
one of the most important considerations to reduce animal losses. However, cattle in
these systems are also milked and slaughtered for meat on special occasions. Obviously,
herders practise some kind of selection.
It is expected that, if any, there will be erratic and unpredictable requests for geneti
cally improved bulls from breeding schemes established under the conditions described
in cases 2 and 3. Pastoral herds may thus benefit from these breeding programmes as the
third tier. This is also beneficial for these breeding schemes as pastoral herds can be con
sidered as an extension of clients and thus of their economic level, which is important
for their cost-efficiency. These herds (which account for a large proportion of the national
zebu herd) could also represent a potentially important source of animals, which could be
screened at the start of the breeding programme under cases 2 and 3.
Breeding programmes involving pastoralists will only be successful when governments
accept pastoralism as an integral part of their economic systems, and accordingly allocate
resources for its development. Failure to involve pastoralists in inception and implemen
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tation of projects is a major factor contributing to the high rate of failure of projects
designed for them.
From the foregoing discussion, it is clear that there is the need for a strategy on how
cattle production in different production systems can be improved. However, the major
questions yet to be answered are who will be responsible for organising and establishing
the breeding programmes (breeding organisations do not exist in most of the tropics),
who will fund their establishment, and who will make them self-sustaining? This calls for
concerted efforts of all stakeholders in the livestock industry. These stakeholders need to
be identified and their roles defined clearly in order to avoid confusion in the running
of the breeding programmes.
A well-developed and operational breeding programme for the Kenyan zebu breeds/
strains will translate into improved animal offtakes, meat and milk, and hence income to
the producers. Currently, trends towards trade liberalisation in a globalised market
favour agricultural exports, which contribute to enhanced development perspectives, and
those exports that are produced ecologically. Under Kenyan conditions, it is inevitable
that the zebu breeds/strains will continue to be raised under grazing conditions without
supplementation. Experience shows that there is a demand for lean, grass-fed beef in
USA, most European countries and the Middle East. This results from consumers' fears
of the residues that are found in beef when animals consume feeds containing additives
or feeds manufactured from contaminated products, or from the extensive use of veterin
ary drugs. Some of these residues may cause diseases or abnormal conditions in humans.
Livestock and their products can be exported only if they meet the expectations of im
porters and consumers.
Demand for live animals is increasing in the USA and Australia where some Kenyan
zebu breeds/strains (e.g. the improved Boran) are being used in the development of syn
thetic populations. The Boran is also currently a subject of long-term germplasm evalu
ation studies at the Clay Centre, Nebraska, USA. Better access to these international
markets would be possible if farmers had the opportunity, through their organisations,
to use the infrastructure and logistics of the nucleus herds and of some parastatal organ
isations, e.g. the Agricultural Development Corporation (ADC) and the Kenya Meat
Commission (KMC), which is currently under receivership.
5.5 Development of a breeding programme
When talking about development of breeding programmes, one should distinguish
between genetic and structural designs of the breeding programme. Genetic aspects of
designing a breeding programme include the development of breeding objectives, com
piling information on genetic parameters and estimating economic values of goal
traits. The structural design normally answers the questions of how the genetic superi
ority gathered can be disseminated throughout the whole population and how the
breeding structures can be established and made to work. The example breeding pro
gramme discussed in the remainder of this chapter is based on the information on
system characteristics identified in Chapter 3 and the tentative classification frame-
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work based on genetic distinctiveness presented in Chapter 4. The programme assumes
that both the genetic and structural considerations for a breeding programme are in
place.
5.5.1 Genetic design of a breeding programme
Development of breeding objectives
The first phase in the genetic design of a breeding programme is that of developing the
breeding objective. As noted previously, breeding objectives comprise those traits, which
one attempts to improve genetically because they influence returns and costs to the pro
ducer. Development of diese objectives is made up of four phases (Ponzoni 1986; Ponzoni
1988): (a) specification of the production and marketing system; (b) identification of
sources of income and expense; (c) determination of biological traits influencing revenue
and cost; and (d) calculation of the economic value of each trait in the breeding objective.
Breeding objectives should be comprehensive in terms of incor- porating the needs and
economic interests of the producer as well as ecological con- ditions (Solkner et al. 1998).
They should define the animal most suitable for the lives- tock producer under given
production conditions. Therefore, the choice of traits in the breeding objective can only
be made in close consultation with the farmers, taking into account their needs (see
Chapter 3).
Production and marketing system. Very little economic evaluation of breeding objectives has
been attempted in the tropics. Breeding objectives should account for inputs, such as
feed, husbandry and marketing costs, as well as for outputs, such as income from sale of
milk, surplus offspring and cows. These are difficult to quantify under most tropical con
ditions. While farmers are able to identify important attributes in their animals, actual
economic data is difficult to come by. However, in any animal production system's
characterisation exercise, attempts should be made to collect information using simple
procedures if the results are to be utilised fully for designing genetic improvement
programmes.
Identification of sources of revenue and cost. The development of a profit function for a pro
duction system requires identification of the actual sources of revenue and costs. Profit
(P) is a function of revenue (R) and cost (C).
P - R-C
R and C should be derived on a cow-year basis as functions of all items contributing to R
or C. Box 1 gives an example for the Kenyan zebu.
Biological traits influencing revenue and cost. The biological traits assumed to have some
influence on revenue and cosrs are those identified as the goal traits in Table 18. Resis
tance to disease is a biological trait, which was identified as an attribute desired by
farmers. However, its inclusion as a trait in the breeding objective would require defi-
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Box 1 . Sources of revenue and cost for the Kenyan zebu
Revenue (R) - (culled heifers x value per individual) + (bulls x value per individual) + (amount
of milk (kg) x price of one kg of milk) + (cull-for-age cows x value per cow).
Costs (C) - calf feed costs + heifer feed costs + bull feed costs + cow feed costs + calf health
costs + heifer health costs + bull health costs + cow health costs + heifer reproduction costs +
cow reproduction costs + heifer labour costs + bull labour costs + cow labour costs + fixed
costs.
Fixed costs are those incurred by the producer independent of the level of herd production. All
the other costs are variable costs and are influenced by the level of herd production.
nition of easy-tomeasure selection criteria genetically correlated with disease resistance
(i.e. a suitable indicator trait), or identification of loci that allow marker assisted selec
tion. Survival to a certain age (in the presence of disease challenge) maybe an indirect
measure of resistance to disease.
Derivation of economic values of traits in the breeding objectives. The main aim of any pro
ducer is to maximise returns/profits from the enterprise, which should be more efficient
relative to the enterprises of other producers. There are possibilities to define the ef
ficiency function of the production system (Harris 1970):
• maximise profit (- revenue - cost)
• minimise cost per unit of product
• maximise the ratio of revenue:cost.
In defining breeding objectives, definition of efficiency function has to correspond
with the individual livestock producer's interest, which is to maximise profit rather
than to minimise cost per unit of product. However, given the diversity in production
systems, generally both maximisation of profit and minimisation of costs per unit of
product are important (Groen and Ruyter 1990).
Economic values have to be derived by changing genetic merit of the trait, but
allowing no simultaneous change in genetic merit of the other traits. Methods for
deriving economic values can be grouped into two categories (Elsen et al. 1986; Groen
1989): normative approaches, also referred to as bio-economic modelling; and positive
approaches, which involve analysis of field data. In both approaches, a production
function (also referred to as a profit function), that must include all economic traits, is
required. Normative methods enable modelling of future market conditions, while the
positive approach uses current prices and is therefore less suitable in deriving economic
values. Generally, using the normative approach (data simulation), economic values are
derived by studying the behaviour of the system as a reaction to changes in levels of the
endogenous elements that represent genetic merit of the animals. There are numerous
possibilities for applying different prices and efficiency functions, levels and sizes of the
production system (Groen 1989). Box 2 describes the different methods used in deriving
economic values.
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Box 2. Methods of deriving economic values
Generally, there are two methods that are used in deriving economic values from profit func
tion: (a) by accounting for unit changes in returns (marginal returns) and of costs (marginal
costs) arising from improvement of a trait (marginal profit method, also referred to as partial
budgeting method); and (b) by partial differentiation of the function with respect to the trait
of interest. In the partial budgeting method, profitability of the herd is compared before and
after genetic improvement. For example, if P is the profit of a cow in a herd and P' is the
profit after incrementing by one unit the trait in question, then the economic value of that
particular trait is P' - P.
Moav and Hill (1966) first applied the partial differentiation to derive economic values on
a farm scale (accounting for size of the enterprise) for within-line selection. Since profit (P) is
always defined as revenue minus cost, fixed costs can be ignored when estimating economic
values using this method. This is because terms not involving the traits in the breeding objec
tive disappear when obtaining the partial derivative of P with respect to the trait of interest.
However, if revenue and cost are combined as a ratio, fixed cost would be required in esti
mation of economic values, but its effect would be small in practice (Smith et al. 1986).
Genetic and phenotypic parameters
Unbiased heritability estimates and accurate correlations (genetic and phenotypic) among
performance traits in the breeding objective and the selection criteria are required to
design selection programmes for livestock. Reliable estimates of genetic parameters and
economic values would allow for development of optimal linear selection indices that are
directly applicable to programmes selecting for improved performance.
Genetic and phenotypic parameter estimates normally apply directly to the specific
population and environment from which the data were collected. Thus, estimates may
vary from one population to another depending on gene frequency, previous selection,
and environment and past history of the population. Definitions of heritability, and
genetic and phenotypic correlations are given in Box 3.
5.5.2 Structural design of a breeding programme: general
considerations
There are major limitations that must be recognised before any breeding programme is
designed for the Kenyan zebu breeds. Field recording and AI are normally not feasible in
the areas where these breeds are predominant. However, there are occasional settings
where Al may be used and therefore the breeding plan (proposed later in this chapter)
welcomes such a possibility. Breeding programmes must therefore be built on alternative
methods of recording, on different selection methods and on natural service. This leads
to the conclusion that recording and selection should be done in nucleus herds where a
certain proportion of the dams born in the participating herds are brought to participate
in an open nucleus breeding scheme (Figure 12). In this type of scheme, as a result of
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Box 3. Heritability and genetic and phenotypic correlations
Heritability refers to that portion of the phenotypic variance of a population that is due to
heredity. Heritability may be used in either a narrow or a broad sense. In the narrow sense,
heritability includes additive gene actions or the average effects which individual genes have in
that population. Heritability in the broad sense includes all of the effects of the entire heredity
of each individual. That is, in addition to variation due to additive gene action, heritability in
the broad sense includes that variation which is due to dominance and epistasis.
A correlated response is any indirect response in unselected traits occurring simultaneously
with response in the trait under selection. A correlated response can be either positive or
negative. Phenotypic correlations among traits are the gross correlations that include both the
environmental and the genetic portions of the covariances. They are important because they
directly affect the size of the selection differentials when several traits are used in the selection
index, especially when the correlations are high. Genetic correlations among traits indicate
how the same genes affect two traits, that is the correlation between the additive genetic values
of two traits. In any selection programme, genetic correlations should be taken into account
because of the following reasons (Blair 1989):
• If two traits are related, the consequence of increasing one upon the response in the other
can be assessed.
• Through the use of information on all related traits to estimate the breeding value for any
one trait, selection accuracy is improved.
• If traits are related, there may be an opportunity to select for one character and bring
about a related or correlated response in a second character, which might in itself be
difficult or expensive to measute.
recording, selection and planned matings, superior genes are passed to the field popu
lation via natural service bulls.
The question would be how such a nucleus could be established and the system intro
duced without severe organisational problems. This will only be possible if organisa
tional lessons are learnt from the experiences of the few examples of nucleus breeding
schemes (open or closed) in the tropics (Galal et al. 1999). The first step in the establish
ment of a nucleus breeding scheme would be to introduce a nucleus on institutional or
government cattle stations. The second would be to open the nucleus by finding farmers
who are willing to join the scheme. The specific needs and social circumstances, as well
as constraints of such farmers must then be incorporated in the breeding objective
(Solkner et al. 1998). Use should be made of existing advisory services, and existing
structures and means of knowledge transfer to further select farmers based on certain
criteria. These may include: (a) property rights on land; (b) ease of access to farm (e.g. by
car, motorcycle or other available means); (c) access to water source; (d) size of herd; (e)
ability to keep basic records, to follow prophylactic programmes and to supplement their
animals during critical periods; and (f) willingness to allow their best animals to be
introduced into the nucleus or to be used for elite matings with semen from the nucleus,
and to contribute (or sell) the resulting progeny to the nucleus. Similar criteria were
applied in the establishment of an open nucleus breeding scheme for Djallonke sheep in
Cote d'lvoire (Yapi-Gnaore et al. 1997).
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Most farmers may be reluctant to give out their best animals. However, incentive
schemes have been shown to work (Galal et al. 1999). Such incentives may include: (a)
passing on to farmers profits accrued from the sale of milk from their animals; (b) in
corporating the animal in the nucleus on a temporary basis (and then returning it later
when it is pregnant or accompanied by a heifer calf, having been mated to 'superior
sire'); and (c) leasing the animal to the nucleus (at an agreed price). Disease prevention
may be a problem in the latter case (Gall 1997). Alternatively, farmers could retain their
best animals and elite 'nucleus' matings could be done in the field population with
migration of semen or sires from the nucleus to these herds. This would rely on good
pedigree and performance information, which the farmer would be expected to keep
under the supervision of the nucleus.
In most zebu dominated areas, herd sizes are generally small (Table 8). Therefore, the
scope for selection among replacements within farms is small. Consequently, the potential
of opening the nucleus for replacements from these herds maybe limited, especially when
an individual farm unit is considered. To circumvent this problem, use can be made of
village herds each comprised of several individual farm units with a considerable number
of cows from which replacements can be selected. Such a village-level programme would be
particularly useful given the communal use of breeding bulls.
The nucleus can also be established in the form of a private enterprise, which can
initially be funded by loans from financial institutions or governments, and/or farmers
who are willing to join. The selection work in such an enterprise would be relevant
because farmers will be involved in its operation or even in owning the stock, as in group
breeding schemes or co-operatives (Smith 1988). Increased revenues from sale of genetic
material would absorb the costs of such an enterprise. For the enterprise to sustain itself,
a compromise would have to be reached on what would be the cost of this genetic ma
terial leaving the nucleus. This genetic material would be in the form of young, untested
bulls. Young bull schemes have lower costs and are simpler to ran than old bull schemes
that use progeny-tested bulls (Mpofu et al. 1993; Nitter 1998; Syrstad and Ruane 1998).
In an old bull scheme, only progeny tested (proven) bulls are used in the nucleus and
participating herds. Experiences from a progeny-testing scheme in a herd of Sahiwal
cattle in Kenya confirm that such schemes can be inefficient in practice (Rege and
Wakhungu 1992).
In a young bull scheme, untested bulls are used to sire dams both in the nucleus and
participating herds. Two types of young bull schemes need to be distinguished: one with
semen storage or waiting bulls; and the other one without these possibilities. When Al is
possible, the bulls are slaughtered after a limited amount of semen has been collected;
the semen is stored until daughter records are available to select semen from the best
bulls for planned matings. In the absence of Al, the bulls are maintained (waiting bulls)
until daughter records are available and the inferior ones slaughter thereafter. The rate
of gain in such schemes would suffer because it takes a long time for the bull's daughters
to be recorded. The problems and costs of using deep frozen semen or of maintaining
waiting bulls should also not be underestimated. A young bull system without semen
storage or waiting bulls has successfully been applied in a programme to genetically im
prove the N'Dama breed in The Gambia (Dempfle and Jaitner 1999). The use of young,
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untested bulls for AI or natural mating in the participating herds leads to a substantial
reduction in the time-lag required for dissemination of the genetic superiority of the
nucleus to this sector.
5.5.3 Stakeholders and their potential roles
The number, type and roles of stakeholders vary depending on the stage of development
of the breeding programme. In countries with well-developed and functioning breeding
programmes, there may be many stakeholders each with well-defined roles. A very im
portant aspect in starting up a breeding programme is identifying and defining roles of
key players and how they interact. This is because activities related to the breeding pro
gramme have to take place at different locations but are interdependent. This requires
interaction and communication between stakeholders. Figure 14 shows the classification
of the key stakeholders into four broad groups.
As can be seen in this figure, some subgroups are represented in more than one
group. Breed societies, farmer co-operatives or research stations owned by national agri
cultural research systems (NARS) can own the nucleus herds. NARS as used here in
clude all public and parastatal organisations and private non-profit institutions, such as
universities, that conduct research or work on the development or adaptation of tech
nology, and policies that support agricultural and rural development. If a breed society
owns the nucleus herd, then its overall role in the breeding programme would be the tra
ditional role of the nucleus plus its role as a collaborator. Similarly, the overall roles of
NARS would be equivalent to the summation of its roles as a collaborator, and policy
and planning developer.
Stakeholders
Nucleus herd
Breed societies
Co-operatives
NARS
Participating herds
. Farmers
Collaborators
NARS
Farmers' training
centres
Extension agents
Breed societies
Co-operatives
Consumers
Policy and planning
developers
Government
ministries
NARS
Farmers
NARS - national agricultural research systems, e.g. universities, KARI and its research centres, research
stations etc.
Figure 14. Potential key stakeholders in a breeding programme for the Kenyan zebu breeds.
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Nucleus herd
The nucleus' main objective is the improvement of the indigenous cattle. The nucleus
should not be engaged in research per se, but should put in place collaborative mech
anisms with appropriate stakeholders (e.g. NARS) to ensure that data coming out of the
recording system are analysed, interpreted and the results used. Such partnerships will
also facilitate identification of emerging researchable issues, which can support the effec
tiveness of the programme. The nucleus should also be involved in activities directly
related to the cattle owners, e.g. extension advice, open days, demonstrations and in
identifying with the local community. Performance and pedigree recording, and selec
tion should be the major preoccupation of the nucleus. The nucleus should, through its
extension agents and scientists, screen all the cows joining it from the participating
herds. Nucleus herds should provide superior genes to the participating herds and en
courage farmers to purchase their products through advertisements (e.g. marketing of
the breeding stock).
Participating herds (farmers)
Farmers own the animals and have responsibility for day-to-day decisions concerning the
animals in their herds, i.e. feeding, health management etc. In an open nucleus system,
this group may have the role of providing information on their best animals so that these
animals can be introduced into the nucleus. These farmers are clients as well as pro
prietors of the breeding programme.
Collaborators
This group is important because it has the potential to provide additional human oper
ational and management resources. During the establishment stages, it is this group that
could provide additional funding resources.
National agricultural research systems (NARS). These will be required in the early stages of
development of a genetic improvement initiative (e.g. to contribute to capacity building)
and when this initiative is operational. Qualified personnel to run such an initiative are
likely to be found in these systems. Therefore, they are expected to be in charge of the
technical support required in the implementation and running of the genetic improve
ment programme. Their roles could include:
• developing the breeding programme and estimation of genetic parameters and econ
omic values
• designing and evaluating the breeding programme (including quantifying extent of
genetic progress)
• electronic data processing and genetic evaluation
• designing a system of mating and exchange of breeding animals between locations/
herds
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• breeding advice
• training of staff to work in the breeding programme
• ensuring participation and co-operation through extension and education
• research and development.
Farmers' training and extension agents. Farmers' training centres should train the farmers in
aspects of animal production and veterinary sciences, and not just in genetic improve
ment. Farmers should be aware of what genetic change can achieve and how this can
occur. Training of farmers is the responsibility of extension agents who should be able,
with the help of researchers, to translate research information into simple terms for the
farmer to understand. The extension agent is the contact person for the farmer in re
lation to improvement of animal production. Experience has shown that the level of
management in a farm is positively correlated with the number of times a farmer is in
contact with his/her extension agent.
Breed societies. In a developed breeding programme, most of the roles ofNARS outlined
above are performed by breed societies. In such systems, the nucleus is normally made
up of several herds located in different places and breed societies generally co-ordinate
the breeding activities between locations. Their other roles, which could also be appli
cable in the Kenyan situation, include:
• registration of animals based on set breed standards
• maintaining national records for registered animals as deemed necessary, in the best
interests of the breeders
• designing programmes to promote and protect the purity of the breed consistent with
the set standards
• promoting interest, spreading knowledge and supporting responsible breeding
• educating members and the general public (e.g. through demonstrations) about
proper care, maintenance and treatment of the breed
• funding research work aimed at improving, protecting, preserving and promoting the
breed.
Co-operatives. Co-operatives can be farmer organisations when they are 100% owned and
run by farmers. Low returns per unit of production, inaccessibility of resources and
markets, and ignorance or lack of awareness are some of the problems farmers face.
Through co-operatives, farmers create their own infrastructure of marketing and pro
duction support services, e.g. services in animal breeding, health care, feed, other inputs
and credit facilities.
Consumers. Consumers drive the breeding programme in that they encourage the
breeders and producers to focus the programme in ways that reflect the market (con
sumer) demand. Consumers also influence the breeding traits through their preferences
and purchasing power. For example, if consumers prefer meat with less fat and are ready
to pay high prices for lean meat, the breeding programmes must be adjusted accordingly
to reflect these preferences.
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Policy and planning developers
This group should create an enabling environment in responding to consumer and
farmer needs. The government, through some of its departments, and with the help of
NARS would have to act as a regulatory body by developing animal breeding policies
that ensure that the breeding programme is consistent with the overall national goals.
Such laws would regulate the activities of each stakeholder by clearly outlining the roles
of each. The policies would have to cover a wide area. This group should also provide
the broad policy decisions required in planning, implementing and maintaining the op
eration. It may be important to effectively involve farmers or farmer organisations in
making these decisions. While farmers will not have the capacity to understand the tech
nical aspects of the programme, they must be able to obtain practical interpretations as
sociated with certain decision options.
5.5.4 Proposal for a breeding programme in Kenya
A breeding programme should be suited to local infrastructures. In some cases, this may
mean compromising the ideal theoretical breeding plan. The following breeding pro
gramme is described as a basic model illustrating the possibilities for improvement of the
indigenous Kenyan zebu breeds through selective breeding. The most important feature
of the breeding programme is its feasibility to do something where previously little or
nothing was achieved.
The programme would be located in an area where the Kenyan zebu breeds predomi
nate. As noted in Section 5.4.1, KARI's RRC at Kiboko in Makueni District could be
the nucleus. A two-tier open nucleus breeding scheme supplying young bulls to the par
ticipating herds would be assumed-. There would be intense recording of performance in
the nucleus but none in the field population. Mating would be by natural service both in
the nucleus and the participating herds.
Because of the paucity of information, this proposal is based on the following as
sumptions: (a) that (some sort of) breeding objective for the indigenous Kenyan zebu is
developed taking into account improved productivity and conservation of genetic diver
sity; (b) that economic values of the goal traits are available, and that these are relevant to
the production and marketing conditions of the areas where the indigenous Kenya zebu
breeds predominate; and (c) that reasonably reliable genetic parameters for the goal traits
are available.
The breeding objective should, based on results of the survey (Chapter 3), consider
that the breed serves a dual-purpose role producing both meat and milk. This objective
reflects the current production and marketing system where milk is paid for on volume
alone (not composition) and payment for meat is based on weight, irrespective of the
class of cattle. Moreover, the market currently not valued many aspects of carcass quality.
The breeding goal traits that need to be considered are lactation milk yield, age at first
calving, preweaning daily gain, post-weaning daily gain (to 18 months) and mature live
weight.
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Cows from the participating village herds that join the nucleus during the foundation
stages and thereafter, would be selected using simple procedures that could include milk
ing ability, the age at first calving, size, growth performance, conformation and con
dition. In some cases, test milking would also be done. The selection of these cows
would be by technical experts (e.g. scientists) from the research station assisted by the
cattle owner. Cattle owners normally know their animals and can provide the infor
mation needed to identify genetically superior animals. The animals transferred to the
nucleus would be recorded there during the following year with the remainder of the
nucleus herd and re-evaluated. This ensures that all cows in the nucleus are superior to
the average of the field population. Permanent environmental effects between herds
would be accounted for by adjusting for effects, such as those of management and age of
cows. Screening of the field population would include herds in Kitui and Machakos
districts. Possibly populations from Kajiado and Taita Taveta districts could be included,
but they would need careful screening to avoid inclusion of non-representative animals.
The result would be a diverse population, but after several generations of breeding, it is
expected that the animals would eventually be more 'uniform', reflecting the breeding
objective.
A total population of 10,000 cows is envisaged and the size of the nucleus with per
formance recording would be 10% (1000 cows) of this population. A total of 200 villages
located in these districts would participate. Each of these village herds would be expected
to release their best cow to the nucleus. With a nucleus size of 1000 cows, progeny test
ing is not recommended. Therefore, selection in the nucleus would be based on indi
vidual performance tests and on performance of relatives. Thus, pedigree recording will
be crucial in the nucleus. Progeny testing is feasible in large herds with several hundred
cows. In this situation, where AI and semen storage facilities are absent, it would be risky
to keep bulls alive while they are being progeny tested, i.e. until their daughters have fin
ished their first lactation. If a breeding programme is set at year 0, the first genetic ben
efits from progeny testing are not realised until after approximately 10 years. For this
reason, pedigree selection is preferred.
In the participating herds, the bulls would be a community property. They would
be in the care of a bull keeper who would be remunerated by the farmers through
payments for natural matings. In cases where herd size is approximately 40 cows, one
young bull would be supplied for natural mating for each three-year period. In such
cases, a bull keeper would not be required. Where the herds graze extensively, the
bulls would be allowed to run freely with the cows, but each such group of village
herds would be treated as a breeding unit. It would be the responsibility of the bull
keeper to maintain records of services for payment and parentage. Bulls in natural
service would be used for only three years and then replaced with young bulls from the
nucleus. The biological and technical parameters are outlined in the following example.
A simple example
Table 19 shows, for a hypothetical example, the breeding goal traits together with their
economic values, phenotypic standard deviations, heritabilities and the correlations
75
between them. These parameters are based on the results of Kahi (2000) and, in that
sense are not solely hypothetical; however, Kahi's study was conducted in a production
system very different from that under consideration. Therefore, economic values used
here might change given differences in the levels of inputs. Even so, some attempt at
predicting genetic gain using this information may be instinctive. Selection is on an
index based on these traits.
Table 19. Economic values (v), phenotypic standard deviation (p), heritability (h2), genetic correlations (below
the diagonal) and phenotypic correlations (above tke diagonal) of the breeding goal traits.
Correlations
Trait1 v (KSh)b ap hb MY AFC DG PDG LW
MY (kg) 18.9 229 0.12 -0.04 0.1 0.11 0.12
AFC (days) -4.8 118 0.13 0.17 -0.25 -0.25 0.15
DG (g/day) 2.8 26 0.21 0.1 -0.25 -0.03 0.4
PDG (g/day) 9.1 30 0.26 0.1 -0.25 -0.03 0.47
LW (kg) 7 30 0.30 0.03 0.15 0.4 0.47
a. MY - lactation milk yield; AFC - age at first calving; DG - preweaning daily gain; PDG - post-weaning daily
gain; LW - mature live weight. Repeatability estimate of MY was assumed to be 0.55.
b. KSh - Kenya shilling (US$ 1 - KSh 50 in December 1997).
The nucleus size is 1000 cows, 20% (200 cows) of which are screened from the com
mercial population. With a mating ratio of 1:40, a population of 1000 cows translates to
a total of 25 bulls being required for natural mating. These bulls, from the age of two
years, are used for breeding for three years. The generation interval is four years. As
suming a calving rate of 80% and that one-third of calving results in a bull calf that is
suitable for breeding, this herd would produce approximately 266 bull calves each year.
If 10 bulls are needed each year (i.e. 10/266), this gives a selection intensity (i) of 2.18.
For the females, 50% are selected after the first lactation has been completed. This gives
a selection intensity of 0.80. Assuming that one-third of the calves are progenies of first
calvers (unselected cows), the effective i value equals 0.80 x 2/3 - 0.53. Since the restric
tion is that herd size should remain constant, culling intensity is maximised. Therefore,
32% of cows are culled due to age, and are replaced with females newly selected from
within the nucleus and from the participating herds. For the females in the participating
herds, one is selected from each village herd of 45 females (i.e. 1/45). The selection in
tensity is therefore 2.39. Selection is based on a test-day milk yield, which is assumed to
have a heritability estimate of 0.05 (lower than that of lactation milk yield in the nu
cleus). The generation interval from cows to their offspring is 6 years. Figure 15 shows
an outline of the structure of this breeding programme.
As opposed to progeny testing where parents are specifically selected to breed offspring
of a given sex, for pedigree selection only two selection pathways, sires to offspring and
dams to offspring, are distinguished (Ruane and Smith 1989). However, in an open
nucleus breeding scheme, a third selection pathway (that of commercial-born cows to off
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Nucleus
•320 old cows culled
25 breeding males 1000 breeding females
266 male offspring > 266 female offspring
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10 males for breeding
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slaughter/sale
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slaughter/sale
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67 males for breeding
Best 200
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Average number of cows per year - 9000 (200 participating village herds)
Figure 15. Outline of the structure of the breeding programme.
spring) should also be included. Table 20 shows the information sources for selection in
these selection pathways.
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Table 20. The information sources for selection in the three pathways.
Selection pathway
Information Number
source1 records
Number
calvings Traits2
Bulls to offspring
Nucleus-born dams to offspring
Commercial-born dams to offspring
Ind DG, PDG
s DG, PDG, LW
D 1 DG, PDG, MY, AFC
DD.SD 3 LW, MY, AFC
HSS 13 1 MY, AFC
HSD 12 1 LW, MY, AFC
Ind 1 DG, PDG, MY, AFC
S DG, PDG, LW
D 2 DG, PDG, MY, AFC
DD 3 LW, MY, AFC
SD 3 LW.MY
HSS 13 1 MY, AFC
HSD 12 1 MY, AFC
Ind 1 1 Test day milk yield
1. Ind - own performance; S - sire; D - dam; DD - dam's dam; SD - sire's dam; HSS - paternal half sib of sire; HSD -
paternal half sib of dam.
2. DG - preweaning daily gain; PDG - post-weaning daily gain; LW - mature live weight; MY - milk yield; AFC - age at
first calving.
The estimates of annual genetic gain in each breeding goal trait (Table 20) presented
in Table 2 1 are based on the following:
X(.xrIHxo-A)kl
1
where AGkis predicted genetic gain per year for the kth trait over all selection pathways; i
is the selection intensity; r,H is the accuracy of selection; a . is the genetic standard de
viation; and ^Lj is the summation of generation intervals in '1' selection pathways.
1
Table 21. Predicted annual genetic gain for the breeding goal traits.
Breeding goal traits Predicted annual genetic gain
Lactation milk yield (kg)
Age at first calving (days)
Preweaning daily gain (g/day)
Post-weaning daily gain (g/day)
Mature live weight (kg)
19.42
-0.18
1.35
2.72
2.06
It should be noted that because of the deterministic approach, the input parameters
(i.e. biological, technical and economic parameters) determined the results completely.
Therefore, the potential usefulness of this example is limited by the validity of the as
sumptions. These results show that with a single nucleus herd of 1000 cows, there can be
genetic progress in these traits by simply selecting young bulls and cows, on the basis of
pedigree and their individual performance—early growth performance for the bulls and
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first lactation performance for the females. Due to lower inbreeding and higher selection
intensity, opening the nucleus seems to be the most appropriate means of increasing
variance in a population, to levels above that in both nucleus and field population. Use
is then made of the extra genetic variance by selecting cows born in the field population
for use in the nucleus. Since the major questions in establishing breeding and recording
programmes are those of return on investments, different breeding programmes need to
be compared in relation to the way they influence the accuracy of selection, genetic
response, returns, costs and profit.
Apart from improving the animals in the field population, the described breeding
programme will bring the participating farmers together and increase their contact with
the extension agents. As already mentioned, contact with the extension agents will result
in changes in animal management. With the support of the nucleus, participating
farmers can come together and form a co-operative. Co-operatives normally work well
when the membership is large and where incentives exist. In other words, co-operatives
are money-driven. Money generated from the programme through sale of milk, and of
culled and breeding animals should be enough to make the breeding programme self-
sustaining. With time, these farmers could organise themselves to form a zebu cattle
breeder's society which would then serve to set the breed standards and promote the
breed as their own. Breeding programmes based on nucleus herds belonging to NARS
should, in the long run, be controlled and owned by farmer organisations, e.g. farmer
co-operatives or breed societies.
Any efforts aimed at improving livestock production need to safeguard the functions
of livestock at the individual farmer level as well as at the national level. It is important
to note that quite often farmers are hesitant and slow in their acceptance of new ideas,
as they have developed their own unique ways and methods of operation through experi
ence. Any new ideas should thus have relevance to the farmers' problems and provide
tangible solutions to these. The innovation should, whenever possible, carry enough
evidence to suggest potential for success. Most farmers are prepared to believe and adopt
change only after seeing the proposed change successfully demonstrated. Answers to
constraints to production do not appear to lie in giving isolated attention to individual
problems, but rather in a multidisciplinary approach that will have to recognise regional
or zonal variations in rural life and even the hidden potential of the indigenous breeds.
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6 Research priorities
The most crucial, urgently needed piece of research is one that will lead to the develop
ment of breeding objectives which adequately incorporate adaptive traits and production
traits, based on a strategy that takes into account farmers' needs and sustainability con
siderations, and which can be delivered through a breeding programme that recognises
current infrastructural constraints. Research priorities include:
• Estimation of genetic and economic parameters for both adaptive and production
traits and/or corresponding indicator traits where these are essential. 'Baseline'
genetic and economic parameters are urgently needed and could be used to design
the first set of breeding programmes. These parameters could then be updated as
more data are collected and analysed once the breeding programme is in place.
• Assessment of breeding strategies through modelling and simulation. This would
evaluate the efficiency (both genetic and economic) of each strategy in relation to its
implementation now and in the future.
• Development, evaluation and application of simple and accurate performance re
cording systems that are appropriate to the farmers' needs. For such systems to be
sustainable, they must not only be of direct economic benefit to the end users, but
also affordable and simple enough to be applicable by a broad range of farmers.
Farmers should not only be able to collect such records, but also should be able to
interpret them.
• The open nucleus breeding scheme (ONBS) has been recommended for genetic im
provement in non-industrialised countries, which lack the finance, expertise and in
frastructure required for operating an efficient improvement programme based on
recording in the whole population. However, there is need to investigate the actual
genetic progress and problems which may arise when operating this scheme under
the less favourable technical conditions of non-industrialised countries.
• In parallel to the development of programmes for genetic improvement, there is also
need to address the 'E' in the classical equation, performance - genetics (G) + en
vironment (E). Poor nutrition is one of the most common problems facing farmers in
areas where zebu breeds predominate. In these areas, natural pasture, cereal straws
and hay form the bulk of animal feeds. They are poor in quality, high in crude fibre
content and low in crude protein content, digestibility and mineral contents.
Research is needed on:
• How to harvest, preserve and utilise these feeds effectively.
• How to strategically use these feeds to alleviate undernutrition during the critical
period of feed shortages.
• Alternative sources of cheap proteins, e.g. legumes.
In the zebu predominant areas, prevalence of diseases is in most cases attributed to
the prevailing management system, which is characterised by low levels of animal man
agement. Methods of disease control and diagnosis are a very important area of research.
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For some diseases, e.g. foot-and-mouth disease, epidemiological research is important in
order to implement effective control and prevention measures. Traditional herbs used in
the treatment of some diseases need to be investigated to determine their effectiveness
and how they could be utilised better.
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Appendix I. Information collected and the classification
applied
1. Herd structures
Class Age
Adult females >3 years old
Adult intact males >3 years old
Adult castrates >3 years old
Young intact males 1-3 years old
Young castrates 1-3 years old
Immature males 0- 1 years old
Immature females 0- 1 years old
2. Uses of the animals
Uses
Blood
Animal by-products (bones, hooves, horns)
Hides and skins
Manure
Meat
Social value (dowry, sign of wealth)
Work/transport
Source of income
3. Farmers' reasons for preferring indigenous breeds
Preference
Better milker
Better carcass
Tolerance/resistance traits
Survival during droughts
Docile/tractable
Better draft animal
Ability to work tor long hours
High calf survival
Mothering ability
Highly fertile
4. Mating system
Mating system
Natural (controlled)
Natural (uncontrolled)
Artificial insemination (AI; indigenous semen)
AI (exotic semen)
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5. Reasons for choosing mating system
Reasons
Insufficient number of bulls
Animals graze together
Separate bulls during the dry season
Low labour requirements
6. Breeding system
System
Purebreeding
Cross-breeding
Both
7. Type of birth
Type of birth
Single
Twins
Others
8. Type of birth preferred
Type of birth
Single
Twins
Others
9. Reasons for the preferred birth type
Reasons
High milk production
Feed availability
Tolerant to drought
Slow ageing process and longevity
Customary/God's choice
Increase herd size
Others
10. Calving season
Season
Wet season
Dry season
All year round
Partly wet and partly dry
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11. Species used for ploughing
Species
Cattle (zebu, Boran, Sahiwal)
Donkey
12. Sex of the animal used for ploughing
Sex
Male
Female
Both
13. Animal species used for transport
Species
Cattle (zebu, Boran, Sahiwal)
Donkey
14. Sex of the animal used for transport
Sex
Male
Female
Both
15. Utilisation of manure as fertiliser, fuel or for building
16. Species of the animal whose manure is used as fertiliser, fuel or for building
Species
Cattle
Cattle/sheep/goats
17. Basis of selection of the breeding animals (ranked in order of
importance)
Basis
Coat colour
Horn (shape/size)
Body size (growth)
Fertility
Temperament
Others
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1 8. Sex of the animal selected
Sex
Males
Females
Both
19. The prevalent diseases
Diseases
Contagious bovine
Pneumonia
Anaplasmosis
Foot-and-mouth disease (FMD)
Trypanosomosis
Worms (liverflukes)
East Coast fever (ECF)
Diarrhoea
Foot rot
Dermatitis
Anthrax
Malignant Coast fever (MCF)
Black quarter
Plant poisoning
Photosensitisation
Rift Valley fever
Rinderpest
3 days disease
Pink eye disease
Geophargia
Lumpy skin disease
Mastitis
20. Season of occurrence of the diseases
Season
Wet season
Dry season
Throughout the year
Others (occasionally/sporadic)
21. Preventive measures for the diseases
Measures
Spraying
Vaccinations/chemotherapy
Deworming
Proper hygiene
Traditional methods
Trapping tsetse flies/bush clearing
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22. Curative measures
Measures
Veterinary treatment
Use of traditional herbs
Cured naturally
Quarantine
23. Frequency of the curative and preventive measures
Frequency
Regular
Irregular
Never
24. Heat and disease tolerance
Tolerance
Good
Poor
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Appendix II
Type of feeds available on the farm
Proportion (%) of respondents having each type of feed on the farm
District Natural pastures Sown pastures Natural and sown pastures
Makueni 53.16
27.70
88.46
6.33 40.50
3.08 69.23Kitui
Kajiado 11.54
The common grazing system
Proportion (%) of respondents practising a given grazing system
District Continuous Continuous and tethered
Makueni 98.86
Kitui 56.92
Kajiado 96.25
1.14
43.08
3.75
Proportion of farmers conserving feeds, type of feeds conserved and supplementation of
animals
Feed conservation (%) Type of feeds conserved (%) Supplementation (%)
District Yes No Hay Crop residues Both Yes No
Makueni 100 - - 100 - 33.82 66.18
Kitui 85 15 15 30 55 24.19 75.81
Kajiado 100 - - 100 - 19.05 80.95
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